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ABSTRACT 
The Manufacturing sector is one of the biggest contributors to the South African 
economy, because the world has become a global market, South African producers 
are struggling to contend with the rate of productivity abroad. This results in pressures 
to produce at lower prices and more rapid manufacturing times. The case study 
company is currently faced with the challenge of selecting an appropriate strategy to 
respond to ever-changing markets.  
The purpose of the research study is to identify the types of waste that are generated 
in the case study organisation, and to identify Lean Manufacturing strategies which 
can be used to eliminate the waste. The case study method was used to gain an in-
depth understanding of the organisation being studied. 
The questionnaire and operational data provided information to meet the study 
objectives. The research study results using the weighted mean of any value less than 
three, identified that the case study organisation was generating the following waste: 
unused human talent, waiting, defects and over-processing. The following Lean 
Manufacturing strategies were identified to be applied in the case study organisation: 
5S, Kanban, Kaizen Just in time and Standard work. The findings of this research 
study can be used by managers to plan Lean Manufacturing deployments and to 
identify gaps within the company’s manufacturing processes. 
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 INTRODUCTION TO STUDY 
 Background of Study 
According to Netland (2016) numerous organisations have been immensely affected by 
globalisation and enhanced technological improvements, which cause an increase in the 
local and international markets, this has pushed manufacturing organisations to seek 
methods to reduce costs, improve productivity and stay competitive. Sewdass and Du Toit 
(2014) state that South African organisations are also competing on a global scale. Local 
manufacturers are at constant risk from international competitors; and cheaper labour costs 
are often a contributor to this. 
Mostafa and Dumrak (2015) state that the manufacturing sector contributes vastly towards 
the national economic development of a country. The sector has close connections with 
other sectors such as agricultural, engineering and the service sector. The inefficiencies of 
the manufacturing sectors’ performance have negative consequences on other sectors. 
Cases of this chain impact can be viewed from waste generation in production, which has 
resulted in a global concern of business sustainability. Demchuck and Baitsar (2013) stress 
that manufacturing is an essential part of modern civilisation; it includes material, labour, 
energy, financial and technological resources. For an organisation to be efficient, it requires 
all processes, layouts, resources and continuous improvement initiatives to be aligned in 
manufacturing structures. As a result of modern trends, achieving efficiency proves to be a 
challenging task. 
According to a report by the  (IDC) Howden and Zammit (2017) , the manufacturing sector 
is South Africa’s fourth major contributor to the economy, in terms of Gross Domestic 
Product (GDP) and the fourth-largest contributor to employment. The growth of the sector 
has a direct contribution to the country’s economic growth. Bhorat and Rooney (2017) allude 
that its labour-intensive nature contributes highly towards creating employment, which aids 
in reducing the countries unemployment and alleviates poverty. The manufacturing sector 
in South Africa is continuously changing. This creates a need for the adaptation of methods 
that optimise manufacturing processes. 
STATSSA (2019) concludes that in the first quarter of 2019 the manufacturing sector’s yield 
decreased significantly; it has lost 11% of overall GDP growth. Production capacity declined 
significantly in the sectors providing petroleum, chemical products, rubber and plastic 




printing; glass and non-metallic mineral products, leather and footwear. Ignoring these 
alarms can lead to a loss in market share, and ultimately closure of businesses that make 
great contributions to the country’s economy and society’s ability to survive. 
Bushe (2019) is of the view that new organisations are generating most of the jobs in the 
economy, while the bigger organisations are focusing more on increasing output with very 
little addition to manning. This is caused by the global tendency to utilise robotics in the 
workplace, and the move of several organisations towards productivity improvement and 
increased profitability and competitive advantage. 
Studies by Jurevicius (2013) refer to competitive advantage as greater performance in 
comparison to other competitors or superiors in terms of fewer industry players. This 
normally means an organisation is outperforming its competitors. He states that almost any 
aspect can be considered a competitive advantage, for example, greater profit, huge assets, 
skills of the operators and so forth. There are three ways an organisation can gain a 
competitive advantage. By first achieving dominance in terms of cost and services at 
affordable costs or with greater differentiation and lastly, it is equipped to function at the 
same level as its competitors. 
Ranmanesh, Zailani and Hyun (2019) are concerned that the South African manufacturers 
are at risk of falling behind as they would struggle to compete with the rate of productivity 
abroad; the expansion of global markets has created competition, resulting in the pressure 
to produce at lower prices. Many organisations are struggling to detect, diminish, and 
possibly eradicate all forms of waste in the manufacturing processes. The lack of profitability 
in an organisation is a result of production processes that have various non-value-adding 
activities. Non-value-added processes can be described as waste. Waste is anything that is 
utilised above the minimum required amount of equipment, material and labour hours 
essential for manufacturing. 
Myeza (2017) explained that process waste has an impact on the quality of the final product. 
Process waste can also be referred to as Muda. Muda is a Japanese word which refers to 
waste. The concept of Muda was derived from the Toyota Production System (TPS), which 
is a Japanese word for waste. Taiichi Ohno describes the seven Lean wastes as defects, 




Production waste refers to any form of unprocessed material which could not be converted 
or sold as a complete product, an example of this is damaged and defective items. Waste 
generated from processes and production result in profit losses for organisations. They 
reduce efficiencies and utilisation, thus impeding organisations’ productivity. This has a 
direct impact on product quality, which is ultimately transferred to the customer (Myeza, 
2017). 
Iranmanesh, Zailani and Hyun (2019), maintain that in order for organisations to survive they 
need to have the ability to rapidly change. As a result, there is a quest for new techniques 
and technology that drives continuous improvement for the entire organisation. In order for 
the manufacturing sector to achieve its desired custom specifications, they need to 
implement Lean Manufacturing methodologies into the processes. Lean Manufacturing 
denotes the methodology utilised to reduce production costs and minimise waste. 
Wagner, Herrmann and Thiede (2017) refer to Lean Manufacturing as an organisational plan 
that improves process performance and results for client’s satisfaction. Research by 
Dombrowski, Wullbrant and Fochler (2019) has shown that at its core, Lean Manufacturing 
drastically boosts the operational performance of organisations. Lean Manufacturing 
systems are highly recommended in the manufacturing sector. A Lean organisation usually 
includes all organisational units, for the maximisation of efficiencies and the effectiveness of 
value creation across all levels of the organisation.  
According to Naicker (2017), Lean Manufacturing can be viewed as a business template 
focusing on building flexible and efficient production processes that minimise waste and 
maximise customer satisfaction. The phrase “manufacturing process” refers to all the 
activities and resources that contribute to the manufacturing of a final product. When the 
Lean philosophy is applied to production, there is a turnaround in the entire business. Lean 
Manufacturing is regarded as doing more for less. 
Smith and Thangarajoo (2015) explain that Lean and Agile manufacturing is a way of 
thinking and an attitude. The technique of Lean Manufacturing can be applied to every 
situation in a company by finding out what the customer wants, eliminating waste from 
processes and making flow continuous according to the customer pull. The idea is to create 
a culture in which people at various levels of an organisation are continuously improving 




Guo Jiang, Xu and Peng (2019) argue that the present-day model of Lean Manufacturing 
can be traced back to the TPS, established by Japanese engineers Taiichi Ohno and 
Shigeo Shingo. TPS is built on two modules, the Just-In-Time (JIT) production system 
and a respect for human system, which places an emphasis on employee involvement 
and minimisation of waste activities by people. Based on the standards of the TPS, 
Womack & Jones formed general standards of Lean, namely, Value, Value Stream 
Mapping, Pull Systems, Flow and Perfection (Kumar, Luthra, Govindan, Kumar and 
Haleem, 2016) 
Kumar, Luthra, Govindan, Kumar and Haleem (2016) state that to add to the varied 
formulation of the Lean concept, there is correspondingly the matter of whether an 
organisation or a business is said to implement Lean for the sole reason of reducing 
waste and expenses and driving towards what is perceived by the customer as value.  
Figure 1 below illustrates the methods to build rationale of the school of Lean it is split 
into three concepts 
 
Figure1: Lean three layer of perceptions (Kumar, Luthra, Govindan, Kumar and Haleem, 2016 p. 612)   
PHILOSOPHY
To reduce waste
To create customer value
PRINCIPLE
Specify value creation
from the customers perspective and not from the 
organisational perspective.
Identify design steps. use VSM to high light non-value 
added across the organisation
Create value without interruptions waiting or scrap.
Only delivered what the client pulls
Sought for perfection
TOOLS AND TECHNIQUES AS,
5S, Bottleneck management, cause and effect analysis , Ishikawa, visual 
management, JIT, PDCA, Poke yoke, OEE, One piece flow, continuous improvement 
(Kaizen), Layout, Production leveling, quality control, Performance management, pull 
production, SMED, Standard work, Statistical process control, Takt Time, Total 





The philosophy of Lean is established at the first level. The main philosophy of Lean 
Manufacturing is waste reduction by continuously improving in order to satisfy the needs of 
the customer (Kumar et al., 2016). 
The second level explains the Lean principles applied in organisations at different levels to 
define 
1. What the customer perceives as value and is willing to spend money on, and not just 
from what the company perceives to be a great product. 
2.  To take heed of the components that are important to the configuration, and 
management of the entire value chain. 
3. Create the stream of the value excluding disturbances, substitute paths, and scope 
to assist in reducing waste. 
4. Only deliver what the customer pulls, or what the customer requested. 
Seek perfection by consistently eradicating layers of waste as they are revealed 
(Kumar et al., 2016). 
 
The third layer discusses Lean Manufacturing strategies.  
VSM, Total Preventive Maintenance, 5S, Kanban, pull system, Takt time, bottleneck and the 
management of constraint, Poke Yoke, visual management, the management of 
performance, continuous enhancement (Kaizen), production levelling (Heijunka), overall 
equipment effectiveness (OEE), and so on (Kumar et al., 2016). 
Kadarova and Demecko, (2016b) resolved that Lean Manufacturing are designed to focus 
on a set of rules to assist organisations in cleaning all sources of waste through redesigning 
the processes of an organisation.  
Kadarova and Demecko (2016) support that implementing these principles yields amazing 
results, and allows quality to improve, better-performing machinery, fewer process and 
machine breakdowns, lower levels of inventory and maximisation of storage in terms of 
space increase, employee morale and involvement and yields higher profits. Benjamin, 




of reduced cycle times, inventory, defects, waste and costs while maximising on the speed 
of production, quality and customer and worker development. 
According to Zargun and Al-ashaab (2014), the successful adaptation process of Lean 
Manufacturing requires the organisation to understand factors that govern the Lean process. 
The critical success factors of a Lean Manufacturing programme are highly dependent on 
management to meet the organisation's objectives. The identification of elements that clarify 
Lean Manufacturing adaptation is essential for organisations embarking on Lean projects. 
It is usual for the implementation of Lean Manufacturing to yield desirable results at its 
inception. However, these results are not sustained. The primary reason for the lack of 
sustainability is due to leadership practices. Therefore, the importance of leadership in Lean 
cannot be overemphasised. Leadership connects Lean tools with the business (Vermeulen 
et al., ,2014) 
Zargun and Al-ashaab (2014), state that the main challenge in deploying Lean 
Manufacturing is dealing with different organisational cultures. They argue that 
organisational culture is a critical driver for creating a company strategy that meets the 
organisation's objectives. Prior to organisations adopting Lean, it is essential to change the 
culture of how employees behave. 
The application of Lean in manufacturing has been explored by Sundar, Balaji and Kumar 
(2014) in a study attempting to develop a Lean road map meant for organisations to establish 
a manufacturing system related to Lean. It is clear that striving for perfection by 
manufacturing organisations can be achieved by successfully implementing the elements of 
Lean (Sundar et al., 2014). In order to apply Lean Manufacturing efficaciously, it is 
necessary to incorporate, on a more practical level, all the elements of Lean and 
appropriately sequence the implementation activities. A contribution to the Lean literature 
by Sundar et al.’s (2014) article on the integration and order of elements related to Lean 
throughout the duration of the execution, together with integration problems. 
Conventional production systems do not offer the solution to the current challenges, while 
Lean manufacturing has been characterised by waste reduction, an increase in productivity 
and quality, and a reduction of lead times and costs (Myeza, 2017). Vermeulen et al., (2014), 
highlight that waste contributes to an organisation’s underperformance and process 




improvement initiatives, mainly concentrating on waste reduction, reducing operational 
costs and the desire to improve the business process effectiveness. This research will focus 
on applications of lean manufacturing within the manufacturing sector. 
Mostafa and Dumrak (2015) conclude that in manufacturing there are three types of waste 
groups unobvious, less obvious and obvious waste. They are categorised as excessive 
inventory, unnecessary processing, too many setup times, unreliable machines and reworks 
as unobvious waste. A small amount of the observable waste is linked to variability in the 
time it takes to process, delivery times, rate of output, staff complements that generate costs 
for work in progress (WIP). This type of waste also contains everything in the system that is 
obvious and predictably exhibits variability. 
 
 Company Background 
The case study company was established over 50 years ago. The company employs close 
to 500 employees, of the 500 employees, 75% are from the Production department. The 
company is responsible for manufacturing components and the maintenance of spare parts 
for Rolling stock operators in South Africa. The companies head office is based in Gauteng, 
and their core operations are run there. The company has four manufacturing divisions 
namely: Looming, Carbon steel, Bogie Fitting and Traction. 
 The Looming division is responsible for manufacturing and testing high/low voltage 
electrical components for the train. 
 Carbon steel is responsible for welding Bogies, End underframe and Auxiliary boxes. 
 Bogie Fitting fits the bogie frame to the Bogie, and lastly, 
 The Traction division manufactures traction drives, traction converters, powers 
modules and high-speed circuit breakers. 
 
Due to the current setup of the company, it has been struggling to meet the customers ’ 
demands. It is therefore on a quest to find a management strategy that will assist in meeting 
the business strategy. Hence, the purpose of this study is to identify different sources of 
waste in Manufacturing and explore successful Lean Manufacturing strategies implemented 





 Research Problem 
The case study company is currently faced with the challenge of selecting an appropriate 
strategy to respond to ever-changing markets. The organisation has been in operation for 
over 50 years .In the past three financial years the company has failed to meet the customers 
quality specifications and on time in full delievery requirements of the components . The 
company is only managing to deliver on average 70 percent of the customer requirements 
and 5 percent of the delievered products is often defective. Majority of the defects are 
identified and the end of the production line or sometimes by the customer.  
The organisation has been receiving a constant demand from its customers, however, many 
of the orders have not materialised. The backlog of orders normally range between 30-40 
percent of total orders placed. This has caused has caused a down fall in revenue . As the 
organization struggles to remain profitable customers are threanthening to business away 
from them  and the worst case senario the closure of many businesses which can have a 
vast impact on the South African economy and society 
According to Myeza (2017), over the past few years, organisations have been under 
enormous pressure to reduce operating costs and the speed at which products are 
manufactured. Manufacturing operations which were deemed as the best in class a few 
years ago are now barely breaking even. There are greater competitors that are 
outperforming, and the customers are now complaining about the failure to meet the 
customer demand 
Manufacturing plants have several types of waste that have a bearing on finances when the 
product waste increases. Such cases have a negative impact on other stakeholders, for 
example, the delivery of material that is not following the schedule. When excess material 
is delivered it simply means that the company will need excess labour to process the material 
that is not required by the customer, this increases labour costs (Pakdil and Leonard, 2015). 
IDC (2018) warned that South African manufacturers are at risk of falling behind as they 
struggle to compete with the rate of productivity abroad; the expansion of global markets 
has created competition, resulting in the pressure to produce at lower prices. The inability 
of manufacturers to classify, minimise, and possibly eradicate all waste that is built into the 




Amaranti and Chaznin (2014) allude that waste found in manufacturing has a great impact 
on the selling price of the product. This increase cannot be passed down to the customer; 
this means that all excess costs are absorbed by the manufacturer. A defective product will 
undergo all value-adding stages utilising direct material, machinery, time and the facility, 
and yield no return on investments. The finished product is what the customer is willing to 
pay for. When an organisation eliminates waste and expands the value chain it extends its 
life span  
The main objective is to identify the types of waste generated by a component manufacturing 
site in South Africa utilising Lean Manufacturing strategies 
Another objective of this research is to identify the Lean Manufacturing strategies which can 
be applied to eliminate the waste generated by the manufacturing plant. 
 
 Research Questions 
a) What Lean Manufacturing strategies are applied in manufacturing? 
b) Which are the identified wastes generated by the manufacturing company 
manufacturing company based in South Africa? 
 
 Research objectives 
The overall aim of this research is to identify different sources of waste in a manufacturing 
company. To explore successful Lean Manufacturing strategies implemented by the 
manufacturing company. Further, this research will assess existing best practices used in 
Lean Manufacturing. 
a) To identify Lean Manufacturing strategies which can be used to eliminate the waste 





 Significance of the Research 
Previously, various organisations deployed Lean Manufacturing with the view of improving 
efficiency and productivity. However, a great portion of the implementation efforts ended in 
failure (Pakdil and Leonard, 2015). 
Bhamu and Sangwa (2014) suggest that Lean Manufacturing fails because incorrect 
tools are deployed for the incorrect problem. They also suggest that often Lean tools 
should be tailored for a specific organisation DOT (2017/2018) Identified that training is 
one of the areas that South African companies are lacking in. 
Sun et al., (2016) maintained that Lean Manufacturing has benefited numerous 
organisations across the world, this research will be able to assist the manufacturing plants 
utilised in this research to be able to identify the current waste in the processes and methods 
of elimination. The results of the research should be able to assist in developing a Lean 
framework for manufacturing and will assist in future studies. 
 
 Limitations 
 This study will only be limited to the identification of waste and management 
strategies, but the implementation will not form part of this study. 
 The study will be carried out on a maximum of one organisation. 
 The study will only use production-related departments. 
 Assumptions 
 The case study company will allow the identification of wastes. 
 The data which the company will provide will support the wastes identified. 
 
 The layout of the Study 
The Layout of this paper will be as follow: 
Chapter 1: Provides the Background of the Research, outlines the objectives of the study, 
problems statements, and lastly, the way the study will be conducted. 
Chapter 2: Covers past literature of the topic being investigated. The literature review serves 




Chapter 3: Details the different possible research methods and an ideal study method is 
chosen. It details the data collection and analysis method, and finally, an overview of validity 
and reliability is confirmed in the study 
Chapter 4: Discusses in detail the findings of data collection and reports on the findings 




 LITERATURE REVIEW 
 Introduction 
The main purpose of this chapter is to build knowledge around the concept of Lean 
Manufacturing and identify the variables used in academic research. The chapter followed 
an exploratory literature review strategy by reviewing publications from different sources and 
databases over the period. The exploratory literature review provided the ability to study the 
concept of Lean Manufacturing from different industries and applications. 
Lean Manufacturing is widely used as an acceptable performance improvement strategy 
worldwide (Taggart and Kienhöfer, 2013). The Lean Enterprise Institute founded by Womack 
in 1997 described Lean as a culture of creating more value for the customer with fewer 
resources (Cortes, Daaboul and Duigou, 2016). The philosophy of Lean Manufacturing puts 
an emphasis on the respect of people, continuous improvement, a focus on an 
organisation’s processes, and a focus on long-term goal (Asim and Sharma, 2016). 
This chapter is divided into twelve sections; section 2.2 provides an overview of the 
manufacturing sector and its contribution to the GDP. Section 2.3 focuses on Lean 
Manufacturing, while section 2.4 covers the growth and impact of Lean Manufacturing 
across different sectors. Section 2.5 explores the meanings and relevant key concepts for 
the success of Lean Manufacturing. Section 2.6 explores the various implementations of 
Lean Manufacturing, while section 2.7 describes the challenges of applying Lean 
Manufacturing, and section 2.8 explores the core principles of Lean Manufacturing. Section 
2.9 provides an overview of Lean Manufacturing tools and 2.10 provides a view of the waste 
in manufacturing. Section 2.11 summarises the literature review while section 2.12 provides 
a conclusion for the chapter 
 
 The manufacturing sectors 
According to Liu, Niu and Li (2018) manufacturing has always been traditionally perceived 
as the process in production where raw materials are transformed into a finished product. 
Makovsek, Benezech and Perkins, (2019) describe efficiency in manufacturing as the 




Figure 2 depicts the definitions in the manufacturing sector; it depicts raw material 
conversion to a final product on the production line. This process allows the final product to 
reach the customer. 
 
 The Manufacturing Process 
 
Figure 2 : General definitions of a manufacturing system (Anbumalar , Mayandy and Prasath, 2013, p. 258) 
Lui et al. (2017), state that the manufacturing sector contributes to the global economy. The 
growth of the manufacturing sector is dependent on trade and worldwide competition, the 
availability of raw materials, energy, and the efficient use of technology, continuous 
improvement and the skills and qualification of its labour force. In these ever-changing 
environments, it should be the priority of the industry to acquire methods, processes and 
measures that enable it to be more flexible in adapting to the changing conditions (Behun et 
al., 2018). 
STATSSA (2016) states that South Africa has built a reputable and diversified production 
foundation that represents its strength and the possibility to thrive in the universal economy. 













specific results, such as creating work and economic empowerment. The backbone of this 
sector is the Industrial Policy Action Plan of the Department of Trade and Industry, which is 
determined to attain structural improvements and to boost the competitiveness and 
sustainability of the South African manufacturing sector (Statistics South Africa, 2016). 
According to Ekene (2018), a study from the Global Manufacturing Competitiveness Index 
depicts essential drivers for growth and investment in production; they are labour 
investment, cost, the networks of suppliers and, lastly, local demand. 
Manufacturing incorporates the continuous improvement model that enhances the activities 
which customers are keen to compensate for (Mostafa and Dumrak, 2015). Value can be 
described as the process that ensures that an organisation delivers a product based on 
customer specifications and satisfaction. The total value metric is used to identify the key 
drivers of how the customer values a product or service (Mostafa and Dumrak, 2015). 
Vamsi, Jasti and Kodali (2015) explain that in the current global scene, manufacturing 
organisations are faced with threats from two directions. Firstly, more manufacturing 
philosophies are developing, which makes the current systems redundant. Secondly, the 
customers’ thinking has been altered. Vamsi, Jasti and Kodali (2015) maintain that the 
customers have more demands for improved products and services in shorter time frames 
and at cheaper prices. To meet the requirements by the customers, manufacturing 




According to Statics South Africa, after years of being sanctioned, in 1994, South Africa had 
to reintegrate into the global economy. According to Surugiu and Surugiu (2015), 
globalisation can be defined as the shift in world markets where countries are driving the 
economic system towards a dependent worldwide economic system. Globalisation has 
resulted in former markets which were traditionally discriminated against, now becoming 
one massive worldwide marketplace. This results in the elimination of trade barriers and 
advances in information and transportation technologies. Hamdi (2013) adds that due to 
globalisation, all countries can now partake in worldwide trade. The globalisation of 
production means that organisations can establish their production facilities in countries 




The generation of income in a globalised economy is dependent on who offers the demand 
for customers and how it is offered? Developments in technology and processes of 
globalisation create advanced goods and services and innovative types of business models 
for customer delivery (Behun et al., 2018). To generate successful products and services, 
manufacturers need to change with their customers, striving to comprehend the full value 
chain and utilising the information to create solutions that leverage the maximum 
organisational capabilities to create real value for their customers (Gates, Mayor and 
Gampenrieder, 2016) 
When a country industrialises processes its overall productivity increases. The start of 
industrialisation in the manufacturing sector unlocked employment in developing countries, 
this was due to the ability of the manufacturing sector to be flexible , allowing the sector to 
be able to absorb the unskilled and skilled labour coming from the various sectors in 
manufacturing (Nattrass and Seekings, 2015) 
The manufacturing sector is a critical domain in many national economies it promotes 
building sustainable economic growth. The manufacturing sector is influenced by internal 
and external factors that contribute to the instabilities of the economic cycles (Behun et al., 
2018). 
 
2.2.2 Internal factors contribute to manufacturing 
Ehie and Muoghoh (2016) wrote that organisations need to have an in-depth knowledge of 
the environment they operate in, in order to be successful. The greatest part of this element 
is to comprehend the factors that affect the organisation internally and externally. Internal 
factors are described as elements within the organisation that the organisation can control, 
be it tangible or non-tangible. External factors, on the other hand, are elements outside the 
organisation which the business has no control of. Customer demands are an example of 
external factors affecting an organisation. The business is steered by customer needs (Ehie 
and Muoghoh, 2016). 
Ehie and Mougboh (2016) maintain that the internal environment is made up of manageable 
business surroundings. The organisation should focus on managing aspects such as 
marketing, finance, research and development, production and human resources which are 




necessary management skills to eliminate the organisation's potential failure. In the 
manufacturing sector shortages are the main cause of business failures.  
Frimpong and Atta (2017) note that the main internal issues contributing to the failure of 
businesses are skills related to management and economic information, the lack of 
proficiency in key operational areas which includes marketing and the management of staff, 
and incorrect business culture in South Africa. Gates, Mayor and Gampenriede (2016) add 
that additional causes for failure in a manufacturing organisation include, the organisation’s 
inability to act, control and grow the business but with a focus on financials only. Lack of 
management commitment and an unwillingness to adapt to change are the main causes of 
failure. 
According to Behun et al. (2018) of late, manufacturers are more focused on driving new 
growth than ever before. 62% of the respondents to the study highlighted that growth is the 
biggest priority, all the respondents in Asia showed the highest tendency towards aggressive 
growth strategies. As the lifespan of business models is experiencing a decline, allocating 
capital and gaining the return on investment is becoming more challenging. Many 
organisations are pressured to become more agile and efficient with heightened control over 
the business strategy and operations.  
Frey, working for KPMG in China, argues that, “Manufacturers have gone from a ‘make in 
China’ strategy to instead gear up for a ‘sell to China’ strategy.” A footprint near China would 
be helpful but in reality selling to China is not the same as manufacturing there: it requires 
a different set of skills, corporate strategies and sales strategies (Gates, Mayor and 
Gampenrieder, 2016). 
Customers no longer consume only what is offered by the market, but what will satisfy them. 
Manufacturing organisations are left with the predicament of responding promptly to 
customer needs. Market research enables organisations to predict the needs of the 
customer. Organisations that can predict the needs of the customer gain a competitive 
advantage in the market (Gates, Mayor and Gampenrieder, 2016). 
Sesane (2017) describes external factors as societal factors that include various forces, 
including the political, legal, policies and regulations, economic factors that control the trade 
of resources, financial resources and lastly, technological advancements. These macro-




no control over external environments; this can be endorsed by capital resources within the 
sector. Any adjustment to the external environment affects any business of any size. Having 
adequate capital assists bigger businesses to deal with external factors’ effect on the 
business. The organisations need to be in alignment with external forces in order to minimise 
the negative effect of the environment.  
Williams (2018) describe the three factors which have historically contributed to making the 
South African manufacturing sector competitive were the cheap cost of labour, affordable 
and a consistent supply of electricity, and lastly, the governments’ provision through 
subsidies and tariffs have slowly been weathered away. The cost of wages grew quicker 
than the productivity levels, the prices of electricity have rocketed by 20% per year since 
2008 on average and, its part in the World Trade Organisation (WTO) obligations the South 
African government has limited scope to implement changes. 
Liu et al. (2017) indicate that manufacturers are placing vast investments in adaptation and 
utilisation of technology in processes. Developing countries need to be aware that 
manufacturing strategies need to improve because as they are improving, developed 
countries are introducing new and improved technologies. 
We are now currently at the brink of the Fourth Industrial Revolution, called Industry 4.0. 
Industry 4.0 will ensure that our working lives will never be the same again. A key element 
of Industry 4.0 is executed by smart factories, which are extremely automated, flexible but 
still able to produce mass production. These highly automated factories need less human 
effort for operations (Schlötzer, 2015). 
 
2.2.3 Contribution of the manufacturing sector 
Signe and Johnson (2018) maintain that the revitalisation of the manufacturing sector and 
the boost of export to Africa is at the heart of South Africa’s attempt to create more jobs by 
2020. A variety of fresh minerals, gas and oil deposits are discovered across Africa. South 
Africa is strategically placed to render skills, finances and knowledge, it needs to take 
advantage of these factors to create a competitive advantage over other African countries. 
A massive population of African immigrants with skills could be used as a competitive 





Bello (2014) argues that in developing countries, the manufacturing sectors are the engines 
of economic growth. Manufacturing represents high export levels, pays fairly high salaries 
and is the main driver for employment. Behun et al., (2018) adds that this has resulted in 
countries focusing on the manufacturing sector as a tool for growing economies. The 
manufacturing sector is viewed as a performance indicator of national economic 
development, national employment levels and the nation’s productivity levels. The 
manufacturing industry has a meaningful effect on all facets of sustainable development. 
Chigozie and Ada (2017) found a vast amount of literature which alluded that the 
manufacturing sector allows an enormous opportunity to alleviate poverty with balanced 
growth and to boost employment in developing countries. The manufacturing sector also 
plays a vital part in certifying that the productivity growth in other economic sectors is 
maintained, through industrial advancements and innovation (United Nations Industrial 
Development Organisation, 2015) The industry contributes immensely to the contribution of 
physical human investment. It affords moderately well-compensating jobs for a substantial 
amount of unskilled or uneducated workforce. Those not incorporated in the formal 
economy, this puts an addition to household income (Chigozie and Ada ,2017) 
The South African Manufacturing sector is growing slower in comparison to other sectors 
(Small Enterprise Development Agency, 2015). Smit (2018) concludes that in 2013 the 
sector contributed 15.2% to South Africa’s GDP, making it the third-largest contributor to the 
country’s economy. Statistics South Africa (2015) reported that the percentage of 
contribution of manufacturing towards the South African GDP has declined. It has dropped 
to 14.3%, which moved it to the fourth-highest contributor to the economy. However, the 
manufacturing industry still contributes significantly to the South African GDP (Smit, 2018) 
Below is a depiction of each sector's contribution to the South African GDP, it supports the 






Figure 3: Contributors to the South Africans GDP (Statistics South Africa, 2016, p. 11) 
 
Signe and Johnson (2018) argue that Africa has the potential to be “the world’s next great 
manufacturing hub” with the possibility of acquiring a stake of the 100 million labour-
demanding production jobs that will exit China by the year 2030. This trend creates a 
massive opening for the continent, especially for all top regional performers in the Global 
Manufacturing Competitiveness Index. The world has become more globalised, with strong 
rivalry from other developing countries, especially South-East Asia (Signe and Johnson, 
2018). 
 
2.2.4 Challenges in the South African manufacturing sector 
The projects in South Africa have declined and become erratic over recent years, directly 
impacting the manufacturing sector. Factors contributing to this state of affairs include: 
 Political instability and insecurity 
 State capture, corruption and mismanagement of funds 
 Infrastructure constraints 











Trade , catering and 
accomodation
14%
Transport , storage 
and Communication
10%










Relative contributions of various industries to 




 Lack of skills development 
 Negative perceptions among potential investor 
 Material shortages 
Lukasz Dekier (2012) states that after the Second World War companies were faced with 
the dilemma of the rebuilding of organisations to enhance the industrial output on a national 
scale. Different organisations came up with strategies to be competitive. 
 
2.2.5 Evolution of manufacturing 
After the Second World War, many organisations needed to rebuild the country’s economy. 
In attempts to continuously improve processes, various organisations were on a quest to 
apply different business improvement methodologies. Henry Ford devised a system that 
incorporated people, machines, tools and products and arranged them in a continuous 
system. Scientific management theories were devised as a need to improve productivity in 
the United States. Skilled labour was in short supply, so they needed to raise the worker's 
efficiency (Lukasz Dekier, 2012) 
According to Sesane (2017), over the years, there were various business improvement 
methodologies implemented by numerous organisations. In the year 1950 statistical quality 
was derived, in the year 1960/1970, the Toyota Production System was born. The 1980s 
saw the dawn of JIT, Total Quality Management (TQM) and Six Sigma and, lastly, in the 
1990s organisations moved towards Lean Manufacturing and Business Process 
Reengineering (BPR). Sesane (2017) observed that certain business strategies yielded 
better results than others. Most organisations had challenges maintaining the tools that were 
put in place. Over the years, numerous improvement strategies have survived, others have 
become obsolete and new tools have been put in place. 
 
2.2.6 Defining Lean Manufacturing 
In today’s ever-challenging world, in order for a business to stay competitive, they need to 
generate the highest profits via gaining new markets or taking over other companies, and 




competitive, manufacturing organisations must have a consistent method for continuous 
improvement, discovering approaches to improve time to respond to changing markets and 
increase upgrading, while bringing down costs, streamlining processes, and adjusting to 
new innovations. 
Lean Manufacturing offers an all-rounded business strategy to deal with business 
challenges and offer competitive advantages. Lean Manufacturing standards empower the 
organisation to improve continuously (Coetzee, van der Merwe and van Dyk, 2016) 
Lean Manufacturing can be described as an organisational template that is used to build 
flexible and efficient manufacturing processes that eliminate waste and maximise customer 
satisfaction (Nicker, 2017). Mocan and Dumitrache (2019) further adds that Lean 
Manufacturing changes the entire organisation, impacting all the departments and the style 
in which decisions are made to minimise non-value-added processes while maintaining 
Lean Manufacturing’s fundamental principles.  
A study conducted by St. Gallen (2018) found that the words most of the respondents used 
to describe Lean aspects were; continuous improvement, alleviation of waste and ensuring 
that customers find value in the product or service offered. These descriptions are in line 
with Rewers, Trojanowska and Chabowski (2016) when they state that Lean Manufacturing 
is a unified set of actions aimed to manufacture goods using the least inventories of raw 
materials, work-in-progress, and finished goods, moreover they described the crux of Lean 
Manufacturing as purging of all possible waste in an organisation. This enables minimal lead 
times between placing an order and distributing the final products to the customer, allows 
an increase in productivity and reduces manufacturing costs.  
According to Lizak (2016) apart from applying Lean Manufacturing in an operational 
environment, Lean Manufacturing can also be applied in a managerial environment. Lizak 
(2016) further adds that organisations can utilise Lean Manufacturing as a management 
philosophy as it focuses on the efficient use of resources utilised in all business aspects. As 
a managerial concept, Lean management arranges the flow of the workplace to create an 
efficient work environment. 
Smith and Thangarajoo (2015) explain that Lean and Agile manufacturing is a way of 
thinking and an attitude. The technique of Lean Manufacturing can be applied to every 




activities and making flow continuous according to the customer pull. Camuffo and Secchi 
(2019) describe customer pull as the rate the customer purchases from an organisation. The 
idea is to create a culture in which people at various level of an organisation are continuously 
improving productivity every day in every way. 
Martínez León and Calvo-Amodio (2017) maintain that the critical goal for Lean thinking is 
creating value. Value must be specified by the clients, and it is only significant when defined 
by a certain product, which details the customer’s specification at a certain price in the 
correct time. Manufacturers create value by identifying the value stream, which are fixed 
actions needed for a defined product through the analytical administration of tasks for any 
organisation. 
Smith and Thangarajoo (2015) state that the first principle of Lean thinking is to define value 
according to the customer’s point of view. The principle prompts organisations to evaluate 
who the real customers are, and what the customers view as value. This way of thinking 
differs from the usual practices where value is defined departmentally, for instance, research 
and development, engineering and finance. Defining value is identifying the feature or 
function the customer is keen to pay for. Lean thinking allows a method to make work more 
fulfilling by promoting instant feedback on initiatives of turning waste into value. Lean 
thinking provides a method to develop new methods of working as opposed to terminating 
work in the name of efficiency (Andersen, Røvik and Ingebrigtsen, 2014).Andersen, Røvik 
and Ingebrigtsen, (2014) agree with Womack and Jones that the task of problem-solving is 
running through a concept’s comprehensive design and engineering prior to the start of 
manufacturing. The task of data management runs from capturing of orders through a 
detailed schedule to the distribution of the product. The physical conversion task starts from 
raw materials to completed goods handed over to the customer. Classifying the whole value 
stream for every product is an essential process in Lean thinking (Andersen, Røvik and 
Ingebrigtsen, 2014) 
Delgado, Mani, Branco, and Silva (2019) describe Lean, Six Sigma and the Theory of 
Constraints, as distinct process improvement methodologies used traditionally in the field of 
manufacturing to improve the processes. According to Pacheco (2014) the development of 
the merging of the two methodologies birthed Lean Manufacturing, which evolved to Lean 




improvement efforts to reap greater yields. Further to the emergence of these tools, Lean 
Manufacturing is now applied in sectors outside the manufacturing domain. 
According to Vienazindiene and Ciarniene (2013), within a manufacturing environment, 
Lean Manufacturing can be viewed as an evolution from the mass production industry, as it 
brings forth new concepts of an accelerated manufacturing line and efficiency in the 
management of processes, as well as all the steps needed for the product to reach the 
consumer. The implementation of Lean Manufacturing represents a new era of 
manufacturing. 
 
2.2.7 History of Lean Manufacturing 
According to Bollbach (2012) in 1914, Henry Ford started a conveyor build running factory. 
To reduce costs and improve quality Henry Ford used standard work and used skilled 
employees to perform tasks. He then names this innovative system “Mass production” joined 
with a continuous flow, and Ford was able to manufacture a large number of affordable cars. 
Over the years, Ford was not flexible enough to meet the changes required by the 
customers; people started wanting different car features and colours, which the Ford mass 
production line could not meet. 
Kareem, AL Askari and Muhammad (2017) state that after the Second World War, Japanese 
manufacturing organisations were challenged with vast shortages of material, financial, and 
human resources. These challenges led to the creation of the Lean Manufacturing idea. 
Toyota, a car manufacturer, identified that American car makers of the time were out-
producing their Japanese counterparts. Khalil El-Namrouty (2013) adds that in order to 
improve Japanese leaders, Shingo and Taiicho Ohno devised a new system called the TPS 
which is a process-oriented, innovative and rigorous system Kiichira Toyoda conducted a 
study on Henry Ford’s manufacturing principles and revised them. They recognised that a 
few improvements might allow manufacturing products with a continuous flow and offer a 
variety of products.  
Ghobakhloo et al. (2018) state that merging two concepts from Henry Ford and Taiichi Ohno 
formulated a new concept called Lean Manufacturing. However, to have a fruitful 




terms of a product, with detailed proficiencies at a specific process to satisfy the customer 
needs. Additionally, Mittal et al.,(2017) wrote that Lean Manufacturing systems widen the 
area of effect by covering end-to-end processes, from the product inception to the 
distribution of the product to the end-user.  
However, the term “Lean” was first introduced and used by John Krafci to describe the TPS 
established by Ohno. Romero and Arce, (2017) further added that Womack, Jones and 
Roos described a Lean manufacturer as one who typically utilises less of everything, (less 
inventory, fewer defects, less time to produce and with less manpower), to be more 
responsive to the needs of the customer, while manufacturing products of quality in the most 
efficient manner. 
In recent years, there have been numerous ventures which have executed the TPS to 
improve the manufacturing execution and competitiveness. Many organisations that deploy 
TPS endeavours did not yield better results, some even prompted more terrible 
manufacturing KPIs (Lai,Tsai, Wei, Li, and Min-Jer, 2015).  
Manzouri, Ab-Rahman, Zain and Jamsari, (2014) found that the TPS is developed in a 
steady situation, yet most organisations that were not as steady as Toyota found 
accomplishments driven by the TPS and numerous other organisations across the world 
have led to many organisations adopting Lean Manufacturing practices to meet the needs 
of the market, reduce costs and to gain a competitive advantage in the market. 
Nawanir, Teong and Othman (2015) maintain that in 2003 Shah and Ward proposed that 
Lean practices can incorporate four groups: JIT, Total Productive Maintenance (TPM), TQM, 
and Human Resources Management (HRM). In the future, the authors suggested ten 
operational theories of Lean practices, three of which were supplier-linked exercises 
(supplier feedback, JIT delivery by suppliers, and supplier development), then client linked 
exercises (customer involvement), and six were internal exercises (pull, flow, short setup 
times, productive maintenance, controlled processes, and employee involvement ). 
 
2.2.8 Growth and impact of Lean Manufacturing  
Lean Manufacturing gained momentum due to the work of Womack, entitled “The Machine 




Dhwani Mehta (2014) Lean plays a role in both strategic and operations formulation of the 
company. According to Hiwase (2016) in order to reduce all causes of waste the Lean 
Manufacturing philosophy follows five basic principles (value for the customer, the value 
stream, flow, pull and perfection) The second view interprets Lean philosophy as a 
managerial system that combines specific practices and techniques in order to reduce 
process variability, viewed as the main source of production problems (Sangwan, Bhamu 
and Mehta, 2014). 
For any organisation to deploy Lean Manufacturing successfully Lean principles need to be 
applied. This allows companies to come up with action plans and set targets for the 
deployment of Lean Manufacturing. Schoenherr and Griffith (2014), states that the main 
requirements for Lean Manufacturing are 80% mindset change and 20% tools and methods. 
Lean initiatives improve different performance dimensions at the same time (Bortolotti, 
Boscari and Danese, 2015) 
Iranmanesh, Zailani, Hyun, Helmi and Kim (2014) gathered data from 187 Malaysian 
manufacturing organisations, the results of the study highlighted that a Lean culture has a 
positive effect on the processes and equipment and supplier relationships on sustainable 
performance. 
Lean Manufacturing is a powerful tool which is profusely underutilised by many 
organisations globally. Vamsi, Jasti and Kodali (2015) conducted a study where they 
reviewed and analysed the latest research articles on Lean Manufacturing, and they 
identified that Lean Manufacturing has a major impact on scholars, and it is a beneficial tool 
utilised in production all around the world. They suggest that there is remarkable growth in 
terms of Lean Manufacturing literature over the past 25 years. 
According to an article written by Mckinsey in recent times, Lean techniques are not only 
applicable in manufacturing plants , but can also be utilised in all sectors, insurance 
companies, hospitals, government organisations, airline repair companies, retail, and 
publishing companies, to name a few. In all sectors, the primary goal is to create a 
competitive advantage over competitors by improving the organisations operating 







Figure 4: The range of companies relying on Lean principles  (St.Gallen, 2018, p. 16) 
 
The study conducted by St. Gallen (2018) shows that overall, the survey encompasses a 
wide range of organisations with numerous sizes that utilise Lean principles to operate the 
production lines. This picture is in support that most of the organisations utilising Lean 
principles are manufacturing organisations, and other sectors are still lagging where value 
add is developed in organisations. 
 
 Lean Manufacturing across different sectors 
2.3.1 Lean Application in the Construction sector 
Lean Manufacturing is also applicable in the construction environment. In an article by 
Ansah and Sorooshian (2016) they highlighted that there are six categories of waste in 
construction, they stem from the following processes: design phase, procuring of material, 







































conducted a study on the application of Lean on a construction site in the Gaza Strip, by 
investigating the different types of waste and they were able to reduce the number of steps 
in the whole project by 57%, they reduced non-value added activities from 81% to 14% and 
the cycle time of the project was reduced by 75%. They agreed that in order to achieve these 
accomplishments, a Lean culture to change the employee's mind-set on quality 
improvement had to be implemented. 
 
2.3.2 Lean Application in the public sector 
Alaaraj and Bakri (2019) observed that the public sector managers who used Lean tools 
with existing tools delivered a more affluent service. It was seen that the applications and 
development of the organisations, followed an end-to end view on the coding activities. 
Corbet (2012) says in China, the public sector is obtaining favourable solutions through the 
use of regular Kaizen events (group problem-solving sessions) that assist Chinese operators 
to participate directly in open discussions about the processes.  
 
2.3.3 Lean in finance 
Finance departments have yielded fruitful results from using Lean principles in the acting 
and budgeting activities reinforcing the base of Lean that states that all things begin with the 
customer (de Koning, Does and Bisgaard, 2014). 
 
2.3.4 Lean in health care services 
In the past decades, the healthcare domain has made major developments in the 
deployment of Lean principles in healthcare processes (Tay, 2016). Kanakana (2013) 
believes that the application of Lean in the health sector will yield positive results due to 
Lean’s focus on satisfying the needs of the customer and involving the employees. 
The tool of seven wastes can be deployed in all sectors. Research has shown that the 
terminology of seven wastes is applied beyond manufacturing sites, some adaptations 




practical examples of waste are waiting under “time on hand” and movement is deemed as 
operational waste (Koskela, lviken and Rooke, 2013). 
 
2.3.5 Lean in the service industry  
Ekene (2018), states that Lean Manufacturing has contributed greatly to the service industry. 
It has consistently been linked as one of the pivotal improvement concepts in optimising 
operations for various organisations. A direct difference must be comprehended between a 
service and its features, for Lean to be applicable in the service sector. López, Freitas and 
Sousa (2015) describe a service to be benefits that can either be perishable or be consumed 
by a customer. The service provider then tailors the services according to the client 
requirements, which are then used by the prospective Lean experience (López et al., 2015). 
 
 Critical success factors of Lean Manufacturing 
(Punnakitikashem, Buavaraporn and Chen, 2013) describe critical success factors as 
essential elements to the success of any programme. Figure 4 below illustrates the 







Figure 5: Critical success factors of Lean implementation(Punnakitikashem and Chen, 2014, p. 5) 
 
2.4.1 Leadership 
Rose, Deros and Rahman (2014) found that the contribution of management on the 
implementation and sustainability of Lean Manufacturing plays a role in the level of 
effectiveness Lean Manufacturing has within an organisation. The amount of waste in the 
processes and resources is dependent on the decisions taken by management to enforce 
Lean Manufacturing on the technical and operational processes of an organisation (Rose et 
al., 2014). 
According to Zargun and Al-ashaab (2014), the manner in which an organisation interacts 
with its customers is also identified as a critical factor of success Customer management 
refers to the efficient and “on-time” delivery of services and goods to a customer .A 
successful Lean Manufacturing system depends on the prioritisation of processes when 
important processes such as design and production are merged with lower prioritised 



























Alhuraish, Robledo and Kobi (2016) found that factors that play an integral part in the 
success of Lean Manufacturing are the management of employees and multifunctional 
teamwork. Multifunctional teamwork can be described as an open communication line 
between the workers and the methods utilised to achieve operational goals efficiently. 
According to Alhuraish, Robledo and Kobi (2016), a team working on the same process 
should effectively resolve problems together as a unit. Multifunctional teamwork is an 
enabler for the implementation of Lean Manufacturing when it is implemented correctly 
through training of employees on waste reduction methods. 
 
2.4.3 Financial capability 
Arunagiri and Gnanavelbabu (2014), stress that it should be the senior management’s 
commitment to demonstrate the development of a clear vision to ensure enough financial 
resources and provide strategic leadership. They should also appoint a Lean leader to 
implement Lean initiatives to ensure best practices across all functions. Then run pilot 
programmes which are accepted by Mohamad, Dhakal, Labib and Bennett (2013) to have 
organisational motivation for Lean because they highlight quick victories. 
 
2.4.4 Skills and expertise 
Arunagiri and Gnanavelbabu (2014) attribute a lack of training and education on Lean 
Manufacturing as the main problem of why employees are resistant to Lean initiatives. The 
organisations can makes significant improvements through changing the learning culture of 
an organisation. Alhuraish, Robledo and Kobi, (2016) support that in order to implement 
Lean Manufacturing, it is essential for employees to receive quality training to carry out 
processes and increase the expert level of making decisions. 
 
2.4.5 Organisational Culture 
Zargun and Al-ashaab (2014) state that handling different organisational cultures is the 
primary challenge for organisations deploying Lean Manufacturing. They argue that 




organisations' objectives. Prior to organisations adopting Lean, it is essential to change the 
culture of how employees behave. 
To encourage workers to participate in Lean initiatives, the organisation needs to implement 
a suggestion programme that provides cash incentives for employees who come up with 
recommendations that lead to savings and improvements. The stakeholders in the 
organisation need to be involved in the initiatives. Good communication allows a smooth 
flow in processes (Vermeulen, Stukel, Guttmann, Rowe, Zwarenstein, Golden, Nigam, Amit 
and Anderso , 2014). 
Successful Lean Manufacturing relies on higher priority processes, such as the design and 
production of a product working in conjunction with lower priority processes, such as 
administrative processes, like the typing of memos, to ensure the efficient function of Lean 
Manufacturing as a chain of operation. 
 
 The implementation of Lean Manufacturing 
Lean Manufacturing is fast becoming the preferred method of manufacturing. Bamford, 
Forrester, Dehe and Lesse (2015) state that Lean Manufacturing should never be a tool 
used to resolve all the organisational challenges quickly. Lean Manufacturing has grown 
over many years through continuous improvement and problem-solving initiatives. However, 
it can be seen that many leaders want to take short cuts in implementing Lean Manufacturing 
(Emiliani and Emiliani, 2013).  
Bamford et al., (2015) maintain that there is enough literature to support the full adaptation 
of Lean Manufacturing. The idea is that, in order to fully realise the benefits of Lean 
Manufacturing, the Lean elements should be fully implemented. This implies that an 
organisation cannot pick elements of Lean Manufacturing and deploy them to reap the 
benefits. Thus, an organised Lean Manufacturing implementation includes numerous tools, 
and human factors should be accounted for when implementing Lean Manufacturing (Karim 
and Arif-uz-zaman ,2014). 
According to Mostafa, Dumrak and Soltan (2013), Lean Manufacturing systems fail because 
sometimes there are improper guidelines on what to implement and how. Organisations 
select to implement Lean Manufacturing for the benefits it provides to organisations. Lean 




strategies as well as a better educated and skilled workforce, resulting in the improved 
quality of the product being produced. 
 
 Challenges and critics’ of applying Lean Manufacturing tools 
Lean Manufacturing can sometimes fail because it is used as a strategy or process 
rather than a long-term strategy. Other contributions to Lean failing is because top 
management underestimates the tool, there is a resistance to change and bad 
organisational culture, inadequate support from management, insufficient training, 
incorrect tools being deployed and a poor decision-making system (Narpat Ram 
Sangwa, Kailash Choudhary, 2015). 
Adopting Lean Manufacturing in the non-industrial sectors is viewed as challenging because 
you are unsure of which tools or principles to deploy and how to use them effectively. 
Corbett (2013) maintains that in emerging markets like China and India organisations 
attempting to deploy Lean Manufacturing also face challenges. The difference in things 
like culture means the organisations attempting to deploy Lean techniques, with the 
same tools as matured sites, will struggle. The approach must be tailored for the specific 
environment. 
In spite, successful applications of Lean Manufacturing being reported in several industrial 
sectors, Lopes, Freitas and Sousa (2015) are of the view that the food and beverage sector 
is lacking. The traits of these sectors could have led to a resistance to change. These sectors 
refuse to embrace philosophies like Lean Manufacturing despite the benefits (improvement 
in productivity, improved flexibility, increased employee engagement, and encouraging a 
culture of continuous improvement) that the philosophies can offer. Applying SMED requires 
future work in quantifying the impact of machine design, inventory reduction, varying lead 
times, cycle times and manufacturing lead times enhance an already complex business.  
Although Lean thinking is seen as a continuous improvement instrument to aid in waste 
elimination and value add, various researchers have found that it has barriers. Bortolotti, 
Boscari and Danese (2015) said that scholars have discussed some origins of the lack of 
success in implementing Lean Manufacturing. The existence of contingency factors 




of other essential features and not enough attention granted to human resource 
management (Bortolotti, Boscari and Danese ,2015). 
Heymans (2015) argues that in large batch processing industries like the food industry 
Lean is seen to be difficult to implement. Dora and Gellynck (2014) state the reasons as 
the high perishability of products, complicated conversions, extremely variable raw 
materials, recipes and unstable demand. 
Industrial engineers have been in South Africa for over 50 years; however, the application 
of Lean tools is at an infant level. This is deemed as a waste (Dondofema, Matope and 
Akdogan, 2017).Waste is the initial phase of the implantation of critical Lean tools in an 
unstructured manner, of which 55% focuses on application. An organisation can reach the 
status of a learning organisation through a thorough implementation of learning programmes 
and the waste elimination happens systematically (Dondofema et al., 2017). 
Bortolotti et al., (2015) and Netland (2016) argue that many companies refrain from Lean 
deployment mainly to the workshops, which reduce the prospective benefits of implementing 
Lean Manufacturing. Another criticism from (Bortolotti, Boscari and Danese, 2015) states 
that in addition, a successful Lean organisation makes use of Soft Lean tools more 
extensively than unsuccessful organisations. Soft Lean tools are tools that include people 
and relationships, for group problem-solving, collaborations, customer involvement, and 
continuous improvement, although they are not much different from the hard Lean 
Manufacturing practices. 
 
 Lean Manufacturing principles 
2.7.1 Five core principles of Lean 
Camuffo and Secchi (2019) define another way to implement the Lean philosophy, the 
scholars utilise Womack and Jones’s definition of the five main steps of obtaining a Lean 
organisation. These steps are widely accepted as a type of Lean Manufacturing life cycle. 
The following are the five main elements of enabling a Lean approach, and they also argue 






Figure 6: Lean core principles (Corbett, 2017, p. 4) 
 
Value: Bauer, Felix, Lock and Reinhart (2018) state that in order to create value, the 
definition of value should be made from the customer’s point of view. Customer 
requirements do not only regard the end user but also incorporate the operators that carry 
out the subsequent tasks in the manufacturing line. Do (2017) adds that organisations need 
to acquire a full understanding of the desires of the customers. This allows organisations to 
build products that the consumers are keen to pay for. 
Value Stream: The value stream is made up of tasks that are essential in order to create a 
product from the product’s inception to its distribution. Identifying the value stream enhances 
the knowledge of the tasks to be executed. Thus, it contributes in unearthing the problems 
that have gone undetected. This principle incorporates the identification of value and non-
value added tasks throughout the value chain (Wahab and Mukthar , 2013) 
Flow: The flow principle primarily fulfils the TPS's steering principle of customer focus by 
minimising the time of placing an order to the distribution with a detailed value stream-based 
manufacturing plan. Flow is arranging the production step in a sequence that limits buffer in 
between processes, and production flow minimises throughput times and work in progress 
(WIP) inventories (Alander, Ovaska and Vanhatalo, 2016). 
Definition of customer value







Pull: In the pull principle the customer orders activate the production processes (Alander, 
Ovaska and Vanhatalo, 2016). 
Perfection: Perfection through continuous improvement (Kaizen) is the main tool of Lean 
thinking and is, therefore, at the crux of Lean Manufacturing. Seeking perfection is the 
elimination of waste in all processes. Continuous improvement is at the cornerstone of every 
Lean system. Continuous improvement seeks to ensure that all four principles to pull are in 
place, in order to create value for the customer while reducing waste (Wahab and Mukthar 
, 2013). 
The prerequisite for continuous improvement (Kaizen), requires the presence of 
standardised processes, applying the pull principle means that a process only starts when 
it is triggered by the process downstream. Thus, a pull system minimises buffer in 
production, this results in quicker lead times and reduces inventory cost (Ramezani and 
Mahdloo, 2014) 
People and Teamwork: The Lean philosophy is anchored around respect for the 
employees with a focus on teamwork, this allows employees’ potential to be developed 
(Ramezani and Mahdloo, 2014). 
 
 Lean Manufacturing tools 
Wagner, Herrmann and Thiede, (2017), reveal that generally if any management practices 
will be successfully implemented, they are reliant on the traits of the company. However, 
they are of the view that not all organisations should deploy the same set of practices. They 
state that the Lean Manufacturing tools that are commonly practised for improvement are 
Cellular manufacturing, Continuous Improvement initiatives, 5S, Cross-functional teams, 
JIT, Optimising maintenance/ preventative maintenance, Quality management systems, Pull 
and Kanban, and TQM just to name a few (Wagner, Herrmann and Thiede, 2017).  
In the manufacturing organisation studied by Singh et al.,( 2014) it was found that combining 
numerous Lean practices in a company works more effectively and aids in continuous 
improvement, rather than practising one or two tools of Lean, it is appropriate for 




should be applied by organisations that intend to use Lean principles as a form of 
improvement: 
 
2.8.1 Cellular Manufacturing (SMED) 
This practice investigates grouping machinery, humans, materials, tools and equipment, to 
form families. The essential value of this practice is attained when production cells make 
use of JIT, TQM, and Total team involvement (TTI) techniques. The fruitful deployment of 
production needs dealing with selection, design, operation, and control issues. Selection 
points out the identification of the machine, and cell design indicates the layout, production, 
and handling requirements. Operations of a cell involve the calculation of lot sizes, the 
number of operators, and push and pull systems. Lastly, the control of a cell is referring to 
the method that is used to determine the performance of the cell (Singh et al., 2014). 
Moolman (2018) states that in order to attend the non-value-added activities such as 
unnecessary motion and waiting, encountered in the picking tasks SMED, may be 
contemplated to assist in identifying areas of improvement. SMED is a Lean Manufacturing 
method founded on the idea of minimising the numbers of operations that are executed once 
the process has begun. This can be attained by preparing the external tasks prior to the 
process beginning, which will ultimately reduce the number of change overs. 
 
2.8.2 Kanban Production Control 
Wakode, Raut and Talmale (2015) state that the Kanban method is an essential philosophy 
which has a significant role in many production units. The Kanban method is utilised in 
various production systems, assembly systems and supply chain systems in an incredibly 
effective manner. Kanban is a work scheduling system that stretches the productivity of the 
workers by minimising waiting time. The efforts of the Kanban method are on the 
minimisation of waste in all shapes of over-production, unnecessary motion, defects, over-
processing and idling 
Principles of the Kanban System:  




 Limit work in process 
 Focus on flow 
 Continuous improvement 
The main purpose of Kanban is to request a product only when it is needed. Kanban can be 
broken into two categories, Product Kanban and Generic Kanban. In the first one, the 
product is replaced only when it is needed if the product is not called it is not sent to the next 
station. Generic Kanban is the authorised feeding of work canters to manufacture parts, but 
do not specify parts to be manufactured (Siasos, Skodras, Gkanas, Hrissagis and Makris, 
2017). 
 
2.8.3 Standard Work 
Kumar and Kumar (2014) support Singh’s tool and describe standard work as the guidelines 
for how production processes are executed. These guidelines are specific, and in detail, 
they assist in eliminating any process variations and doubts about how the job is executed. 
Vidor, Cecconello and Machado (2017) state that the aim of standard work is to achieve 
high levels of productivity by using simple activities. To accomplish standard work, it is 
necessary to establish precise steps that are to be executed by each operator centred 
around several elements. Between various scholars there is an understanding of what the 
elements of standardised work are. They are takt time, sequencing of work and standard 
inventory. 
a) Takt time is the time that is required to manufacture one unit of merchandise. It uses the 
ratio of available time and the demand for the product (Fin et al., 2017). 
b) Sequencing of work is the steps that operator activities are supposed to follow in the 
specified cycle time (Fin et al., 2017). 
c) Standard in processing material is the smallest amount of work in progress required for 
the operator to carry out the tasks with no disruptions during manufacturing (Fin et al., 
2017). 
According to Ballard (2014) standard work is a foundation of Lean implementation. The 




work, establishing a foundation of studying the types of breakdowns that occur on the line 
and the chance to experiment with a substitute work method design. 
 
2.8.4 The Five S 
Singh and Singh (2014) states that 5S is an effective continuous improvement tool, which is 
at the base of any effective Lean organisation. The tool is the first step towards reducing 
waste. It consists of five Japanese words Seiri Seiri (Sort), Seiton (Straighten), Seiso (Shine 
and Sweep), Shitsuke (Standardise), and Seiketsu (Sustain). Immonen (2016) adds that the 
5S systems reduces walking distance and improves safety. Deploying the system is an 
enabler for continuous improvement in any working environment. 
Morales Méndez and Rodriguez (2017) state that to ensure zero accidents, at the 
workstation there should be good lighting, and a tidy and neat environment is necessary. It 
should have all the safety measures that prevent accidents from occurring and ensure that 
all material is well managed, for a healthier environment (Morales Méndez and Rodriguez, 
2017). 
When the 5S system is implemented correctly it promotes the visual factory. In order for 
organisational leaders to weigh the condition of the shop floor at a single glance, it becomes 
simple to identify when there is something incorrect on the production. According to Masaaki 
in the Gemba Kaizen, the 5S tool can assist in reducing process defects by close to 50% in 
a Lean environment (Morales Méndez and Rodriguez, 2017). 
Damrath (2012) comments that when 5S and JIT are applied correctly, they can yield the 
following results: reduced lead times, enhanced safety, improved production efficiency; 
decreased inventory, tidy work environment, content employees, superior quality and 
minimal defects, improved utilisation of production lines, enhanced staff competence and 
problem-solving skills, decreased headcount, decreased operating errors, and ultimately a 





2.8.5 Total Productive Maintenance 
TPM is expressed as Total Productive Maintenance done by the workers through small 
group activities. It succeeds not only because it is an engineering technique but due to its 
dependence on coaching and empowerment of the team. TPM handles the maintainability 
of equipment, which promotes increased productivity (Madanhire and Mbohwa,2015). One 
of the biggest challenges affecting operators in the workshops is machine breakdowns. The 
reliability of machinery is essential because it has a direct influence on the output of the 
manufacturing line. The three components that cover TPM are preventative maintenance, 
corrective maintenance and, lastly, predictive maintenance (Singh et al., 2014). 
As part of a global strategy, manufacturing organisations need to invest in a culture of 
efficiency and effectiveness of its operations (Cheh, 2014). For manufacturing organisations 
to stay competitive machinery and equipment, needs to be available for production. Al-Turki 
et al., (2014) support the statement by Cheh (2014) by describing TPM as a system that is 
accountable for the integrity and improvement of production and quality of the system. 
Singh, Gohil, Dhaval, Shah and Desarelays (2013) maintain that in any organisation the 
production systems’ quality and maintenance are closely linked to the tasks. As the years 
progressed, TPM and TQM have emerged together with additional theories to attain a World 
Class Manufacturing system. 
Good maintenance is essential to a productive manufacturing system. TPM is a substitute 
method to the maintenance of machinery that sought to attain zero breakdowns and zero 
defects. TPM is a methodology to keep the machinery and factory at optimal manufacturing 
levels through the support of all stakeholders in an organisation (Singh Rajput and Jayaswal, 
2012). The process of maintenance allows the manufacturing plant to guarantee enhanced 
levels of productivity. The process entails planned, and unplanned tasks executed to keep 
a physical asset in an appropriate functioning condition. Its intention is to increase the 
reliability, quality, safety, and availability of the factory and equipment (Mostafa, Lee, 
Dumrak, Chileshe and Soltan, 2015) 
Autonomous maintenance can be carried out by multidisciplinary teams that systematically 
eliminate the root causes of waste that is mostly seen in production processes. Lean 
manufacturing tools are utilised to assist in improving productivity by achieving optimal 




Morales Méndez and Rodriguez (2017) emphasise that the first pillar of TPM begins with 
deploying a 5S culture in the organisation. It is seen on countless occasions that other 
strategies fail when the first three S’s are not put in place. Implementing 5S should be 
mandatory. The Five S’s are a direct task of the participating workforce, which obliges 
standardisation and discipline, as a base for autonomous maintenance. This activity 
contributes to a healthy and safe working environment (Morales Méndez and Rodriguez, 
2017). 
Organisations are able to boost the daily rates of manufacturing with the present productive 
capacity and staff when they initiate the TPM methodology, however, scholars declare that 
many organisations have a tendency to grant insufficient time for the maintenance of 
machinery and resist in empowering the operators to perform maintenance on equipment 
(Díaz-Reza et al., 2018). 
Reports by Gupta,Vardhan and Al Haque (2015) state that TPM enhances the 
manufacturing systems’ efficiency, and supports management systems in manufacturing. 
They also maintain that TPM enhances the employees’ morale and abilities; it optimises the 
utilisation of technology and improves the functional condition of the equipment. In addition, 
organisations that deploy TPM improve the overall equipment efficiency (OEE) rate by close 
to 30% in other cases, the OEE rate has gone up to 95%. A higher OEE means that machine 
downtime is minimised, and accidents are reduced. 
Although the benefits of TPM are only reaped in the long term, the role of TPM is essential 
in addressing and preventing interruptions on the production line which organisations cannot 
afford as it impacts productivity (Hooi and Leong, 2017). Interruptions in the manufacturing 
process have a direct influence on the performance of the manufacturing activities. 
Reducing the number of manufacturing interruptions has a contribution towards building a 
reliable manufacturing system (Bokrantz et al., 2016). 
 
2.8.6 Kaizen 
Kaizen implies changes for the better. It entails many gradual improvements and is executed 
on a gradual basis in the organisation. The intention of Kaizen is to diminish losses that 




systematic manner using Kaizen methods. The aim of Kaizen is to sustain zero losses in 
terms of small stoppages, measurement, adjustment, defects and preventable stops (Singh 
et al., 2013). 
Singh and Singh (2015) explain that Kaizen can be deciphered as continuous improvement. 
According to Modi and Thakka (2014), Kaizen philosophy is focused on doing minimal 
continuous upgrades. It is rooted in training and a never-ending drive towards quality and 
productivity. It is generally steady in nature, as opposed to management-started mechanical 
improvements. And finally, it is participative, involving the inclusion and insight of the 
workforce. Modi and Thakka, (2014) also state that there is greater value in pursuing things 
that one is willing to do and implement, verifying the causes of failures and being consistent 
is the key to success (Modi and Thakka,2014). 
Morales Méndez and Rodriguez (2017) state that the pillars seek to ensure zero accidents, 
zero occupational illnesses, and zero environmental accidents at the workstation where 
machines are located. Therefore, good lighting, and a tidy and neat environment is 
necessary. It should have all the safety measures that prevent accidents from occurring, 
and that ensure that all material is well managed, for a healthier environment (Morales 
Méndez and Rodriguez, 2017). 
 
2.8.7 Poke Yoke (Fail Safe) 
Poke Yoke was introduced by Shingo after the Second World War as a measure for mistake-
proofing. This tool assists with the quality of products, where the mistakes are inspected 
before the defect is detected. This is possible by fitting a device before and after machines 
so that they can detect the error before it occurs on a product. These devices can be 
physical, electrical, mechanical or automatic, without the effort of the operators. With this in 
place, it is the operators’ responsibility to react when a signal is received from a device 





2.8.8 Value Stream Analysis 
Value Stream Analysis is described as a group of value-added and non-value-added 
processes that give graphical views of characteristics that the client is keen to pay for. It is 
also described as the basic steps of examining the flow of data and materials as they 
transpire, shortening them visually, and then devising a future state with an improved 
performance (Singh and Sharma, 2013) 
Vilventhan, Ram and Sugumaran (2019) describe Value Stream Mapping (VSM) as one of 
the lean devices that has tremendous ability to distinguish and uncover waste in 
manufacturing activities. A value stream is to be imagined as a consecutive instruction of 
exercises associated with the conversion of an item or service from the starting point to the 
final point of arriving at the client. VSM speaks to the progression of material and data in a 
process, distinguishing each as value and non-value adds, including the process stage to 
its completed state. VSM could be a quantitative instrument to depict the present condition 
of a process utilising a few process-related parameters and aides in future state forecasts 
Romero states that in recent years the utilisation of VSM has extended to numerous 
industries, due to its simplicity of adaption to a wide scope of situations. Between 2007 and 
2012 studies were completed in Europe, as of late the area from Asia had a noteworthy 
increase of commitments; we noticed that the locale of North America has likewise 
developed in the application of the VSM tool. South America, just as Africa, demonstrates 
very little growth in the adaptation of the tool (Romero and Arce, 2017). 
Since its creation VSM has spread over to numerous divisions in industry, and it has risen 
as the liked approach to help and execute the Lean methodology. It extends the 
comprehension of work systems that mirrors the process from a client's point of view; thus, 
the procedure of VSM gives a viable approach to set up key basic leadership and work 
structures (Romero and Arce, 2017).  
Value Stream Analysis assists with improvements in the activities; it highlights issues of 
performance through measurements on the workshops. Another focus of visual control is to 
bring to light hidden issues (Siasos et al., 2017).  
Value Stream Analysis is generally utilised for analysing the current state of data and how 




problems within the processes (Mostafa et al., 2015).According to Langstrand (2016), VSM 










































































 The goal of process mapping
 
Figure 7: VSM Methodology (Langstrand, 2016, p. 9) 
Studies find that Value Stream Analysis yields satisfactory results on its own but yielded 
better results when supplemented with additional tools. 
When the identification of waste has been concluded, there are multiple tools that can aid 
the VSM tool to eliminate waste, tools such as Pareto charts, fishbone and poke yoke. The 
writers affirmed how it has traversed to numerous districts over the world, and how it 
decreases each kind of waste that is included in the Lean manufacturing approach. In spite 




been unmistakably grown. VSM has appeared to improve the visibility of the Value Stream 
and the performance of manufacturers (Stadnicka and Litwin, 2019). 
In the journal, Stadnicka and Litwin (2019) explained how they integrated the VSM method 
with system dynamics. System dynamics permits the design of complex systems and 
processes. They explained how the integration of the two methods could increase the 
chances of identifying waste and its possible elimination. The main goal of VSM is to 
highlight the path in which value flows. They explained that the results of Value Stream 
Analysis should give answers about revenues (Stadnicka and Litwin, 2019). 
Muniyappa and Prasad (2016) suggest that they have proven that VSM is a formidable tool 
in Lean Manufacturing which assists organisations to improve in becoming a Lean 
enterprise. It can connect people, processes, tools and the documentation that is required 
to obtain Lean goals. VSM is able to deliver clear communication between the operators 
and management about the outlook of Lean. Muniyappa and Prasad (2016) in the paper 
observed the current state to the future state of an organisation reduce by 38.2% in lead 
time, 2.65% in the processing time and 48.4% of inventory. 
VSM can indicate the flow of information. They state that VSM assists in unifying several 
techniques for material flow analysis, such as Production Flow Analysis, Business Process 
Reengineering, and Process Analysis and Improvement that have normally been 
implemented separately. VSM provides essential data for the operations in standard flow 
process charts. Lastly, it provides the organisation with a blueprint for planning strategically 
to deploy principles of Lean manufacturing (Irani and Zhou ,2014).  
Brazilian firms that have adapted Lean tools have indicated a visible improvement in the 
performance of the business, including costs. Romero states that in recent years the 
utilisation of VSM has extended to numerous industries, due to its simplicity of adaption to 
a wide scope of situations (Romero and Arce, 2017). 
 
2.8.9 Continuous Improvement 
Siasos et al., (2017) described continuous improvement as a management philosophy 




is able to improve productivity, quality and customer satisfaction. Ochieng ’ondiek and 
Kisombe (2013) state that continuous improvement works in reducing costs, maximising the 
profit that a company can make and ensures the full utilisation of value-added activities in 
the manufacturing process. 
 
2.8.10 Just in Time (JIT) 
The simple law of JIT is to, “Make every action, every investment, every second, and every 
person count”. It is a method for manufacturing and distributing the correct items at the 
correct place in the correct volumes (Siasos et al., 2017). In his study, St. Gallen (2018) 
found that 38% or most of the organisations in his study where producing to stock (applying 
the JIT philosophy), 16% were utilising an assemble to order concept, in the assemble to 
measure theory pre-built parts are connected following a customer order. 14% of the 
organisations applied the engineer to order process, which means items are only invented, 
engineered and produced subsequent to a customer order (St.Gallen, 2018). 
In his research St. Gallen (2018) states that in order for a Lean system to function, there are 
enablers. The scholar describes enablers as a set of skills utilised to attain the desired goal. 
Culture is deemed as the most crucial enabler in achieving the next stages of Lean. Culture 
includes facets such as motivation levels of the employees and the involvement in 
continuous improvement activities. In order to sustain the Lean philosophy employees must 
be trained to utilise new technologies. Asim and Sharma (2016) indicate that non-human 
related enablers can be viewed as process development, which reflects the reduction of 
waste along with the processes in the value chain. Various organisations focus on deploying 
hard Lean tools and ignore the soft practices (human-related practices) (Asim and Sharma, 
2016). 
However, experts believe that the implementation of Lean methodologies can improve an 
organisation’s ability to be flexible, the elimination of waste, the optimisation of process and 
the better utilisation of people’s skills. Using a lean manufacturing system requires 
employees to be multi-skilled in all levels of the organisation (Asim and Sharma, 2016). 
According to Rivera-Gómez et al., (2019), JIT is a prescribed set of principles, tools and 




amounts with short lead times to satisfy the customer’s direct requirements. The underlying 
concept of JIT is to bring harmony to the process of manufacturing, through the systematic 
handling of material, distributing the correct material, at the correct time in correct sets of 
quantities, to minimise the waste and provide the greatest satisfaction for the customer. 
Singh, Singh and Ahuja (2014) explain JIT as a production systems method for 
establishing and operating a production system. They further state that JIT is not just a 
technique but a tool which management can use; it alludes to meeting the customers’ 
demands and enhances quality. JIT philosophy is founded on the notion of conveying 
raw materials at intervals when they are needed and manufacturing products as per 
demand. The main idea is to minimise inventory as raw material, work in progress and 
finished goods with the vision of reducing costs and exposing inefficiencies. 
JIT as a philosophy means to get the correct amount of merchandise at the correct time 
(Modi and Thakkar, 2014). JIT is a Japanese philosophy founded on the working culture 
of the Japanese. Jadhav, Mantha, and Rane (2014) reveal that employee involvement is 
a management Lean Manufacturing tool based on the TPS. JIT and Jidoka are the two 
main anchors of TPS. JIT is concerned with “Quantity” aspect, whereas Jidoka is 
concerned with the “Quality” aspect of Lean systems Companies outside of Japan are 
encouraged to modify certain aspects of JIT to suit the manufacturing processes 
(Mukwakungu, Mabasa, Mankazana, Mzileni and Burakeye, 2019)  
JIT can be implemented effectively only through an optimum supply chain integration which 
maintains the smooth flow of materials from the suppliers to customers. JIT leads to a 
reduction in inventory cost and is achieved through the standardisation of processes, TPM 
and Kanban (Singh, Singh Ahuja, 2014) 
To be able to carry out JIT in an organisation and minimise the detected waste, attention 
needs to be given to the coordination of activities and an accurate plan is required. 
Planning should be done to escape interuptions in the system, leading to merchandise 
not being distributed just in time (Moolman, 2018). According to Javadian Kootanaee et 
al., (2013) it is essential to have an organisational culture that enables JIT. Moolman (2018) 
maintains that capacity planning is essential for the plant in various workstations to escape 
avoidable accumulation of WIP between the workstations. An accurate plan also assists in 




According to Jadhav. et al., (2014) the obstacles of implementing JIT are as follows, the lack 
of commitment and backing from the company’s leadership, the lack of training and 
education, the lack of resources to invest/ financial constraints, having a poor facility plan 
and layout, the organisational cultural difference also hinders the implementation of JIT. 
When an organisation is slow to respond to the market and, lastly, when the sales forecast 
is poor. 
In the manufacturing sector, JIT assists in the minimisation of lead times. Lead time can be 
defined as the time that is required for the entire manufacturing process to be completed. 
Implementing JIT enables quicker response to the needs of the customer which promotes a 
more customer-oriented organisation (Javadian Kootanaee et al., 2013). JIT ensures that 
manufacturing the products required by the customer is in the exact quantities, within the 
stipulated time frame, thereby allowing minimisation of wasteful processes (Javadian 
Kootanaee et al., 2013). As a result, the manufacturing process is aligned with the demand 
for the product and performs as a form of control when a variety of products being produced 
according to the customer’s wants. 
Ukil, Ahmed, Khan and Uddin (2016) maintain that in order to adopt JIT processes in an 
organisation, there are numerous programmes that need to be introduced to accommodate 
the changes and the efficient running of processes. The requirement reviews how the 
organisation runs daily and how the processes can be improved as a result of implementing 
JIT. Therefore, the company should fully incorporate JIT practices for it to be successful. 
According to Javadian Kootanaee, Babu and Talari (2013) the success of JIT ,applied in 
operations of manufacturing systems, is dependent on how well employees understand the 
concept of JIT and how well they work as a team. JIT ensures that all processes run 
efficiently. JIT ensures that the quality of the product is adequately managed through the 
proper control and measurement of the time that goes into all the processes. JIT also 
promotes the prevention of defects by the regular maintenance of resources and operations, 
thereby reducing the chances of waste and ensures that the customer’s needs are 
prioritised. 
Takt Time Analysis: Takt is assessed as the available time over demand required, it is 
applicable in Lean manufacturing to guarantee that the requirements of the customers are 
met timeously, ensuring that excess manufacturing translated to waste is escaped. When 




decreasing stock accordingly, Takt is then recalculated and subsequently increased when 
the demand increases, in order to keep the customer satisfied (Asim and Sharma, 2016). 
 
 Identified waste in manufacturing 
Simboli, Taddeo and Morgante (2014) argue that the Lean methodology presents an 
essential variable in production which is the theory of waste. Waste can be described as any 
tasks executed by an organisation that devours resources and does not create value for the 
end customer. This concept was derived from the Ohno analysis in the TP system, which 
used the word Muda for indicating non-value-added activities. 
According to Rewers, Trojanowska and Chabowski (2016) the crux of Lean manufacturing 




Table 1: Eight wastes  
Waste  Description Reference 
Over-
production 
When too much is being produced too early or too late, leading to an 
excessive quantity of products,  
Producing more than what the customer requires is a waste. It is not 
necessary to assemble more than the customer demands or 
producing off the schedule because this heightens the risk of theft. 
This type of waste results when there is no match 
between the products demanded by the customer and the production 







Waiting Waiting includes deferrals which stem from employees, processes 
and Work-in-Progress (WIP) inactive material lingering for direction. 
Unnecessary waiting ties up capital and escalates the danger of theft 
or harm to the product which often needs extra movement of the 
product. 
Waiting happens when the worker is idle because they are waiting 
for material, equipment and other forms of resources and co-
workers. Some of the reasons are generally shortages of material in 
the warehouses and malfunctioning equipment for manufacturing 
and the lack of resources that assist manufacturing. 
 
The operators should not waste useful time on waiting for machines 
, material, processes and instructions. As opposed to waiting, the 
process ought to be created to reduce the time where the operator is 
idle. This is possible through workload balancing. The period of 
waiting leads to an increase in costs and will hinder productivity. 












Unnecessary movement of components happens when, instead of 
manufacturing occurring in a sequence or workstations being placed 
next to each other, they are physically distant from each other., This 
means that transporting equipment must be constantly positioned for 








Processing more than what the client requested is deemed as waste, 
items such as additional features that the customer is not keen to 
pay for. Over-processing may occur where massive investment in 
technologies is made for a simple process.  
Over processing is a result of various reasons, such as 
malfunctioning equipment or processes that were declared 






Inventory Inventory can be grouped by the following classifications raw 
material, work in progress (WIP) and finished goods. Most 
company’s carry more inventory than what is required.  
This would mean that they should reduce unnecessary high levels of 
raw material, WIP and finished products. Having excess inventory 
activates more financing bearing on costs, increased storage costs 
and products will be prone to defects because of double handling.  
In order to purchase effectively, it is necessary to eradicate 










Waste  Description Reference 
Motion Waste in motion includes walking around the factory to locate tools, 
and strenuous movements as a result of poor ergonomics.  
It is poor ergonomics in production where an operator must stretch, 
bend and pick up items when the movement is deemed unnecessary. 
The waste of motion can be described as avoidable physical 
movements which divert workers from doing any value-added work. 
 (Khalil A. El-
Namrouty, 
2013) 
Defects High process variability is deemed to be a problem; in such 
instances, a company can produce different kinds of non-conforming 
products daily and is therefore not able to gauge if they can meet 
customer requirements. It, therefore, keeps high inventory as a 
backup.  
Machine failures and downtimes with the various root causes 
pressure an organisation to keep high inventories. When defects 
happen, reworks may be needed, or else the merchandise will be 
binned. Waste creation will not only waste material and workforce 
but will also produce shortages in material, impede on meeting 
customer orders, produce idle time at the next workstation and lead 












The inability to utilise people’s talents and skills, wasting information 
people possess and failing to implement excellent ideas.  
Unused human talent causes employees to withhold their ideas, 
information and expertise, this means the organisation misses out on 
the employee’s contribution because they failed to incorporate the 










When the above-mentioned waste is eliminated there will be improvements in terms of lead 
times, productivity, WIP inventory, quality, better utilisation of layout, reduced processing 
errors, reduced scrap employees who are autonomous, machinery will have a longer life 
span, a quicker response to the markets changing conditions and higher customer 
satisfaction (Simboli, Taddeo and Morgante, 2014) 
In all, or most sources of waste, Lean manufacturing presents the corrects tools to correct 
or eliminate the avoidable actions or machinery with the purpose of adding value to the item. 
The most essential tools and methods are detailed below as an answer to the eight types of 
waste (Simboli, Taddeo and Morgante, 2014) .Below Table 2 is a table that shows the eight 




Table 2: Solution to tackle each waste 
 
Mostafa and Dumrak (2015) reveal that various waste identification tools can be utilised to 
detect the source of non-value-added activity. 
Lean is a concept that is still growing in India. The manufacturing plants have had challenges 
of shortages due to delays in the processes. To remedy the challenges, they applied the 
following methodology, they began by mapping the processes to obtain flow, used Lean 
tools like Pareto Analysis, Five whys analysis and source inspection to identify the factors 
that contribute to the waste. A proper schedule for jobs assisted in reducing the waiting time 
and the results from the study proved to be successful in reducing the lead time of the 
component under study (Saleeshya, A Sneha, et al., 2015). 
Seven Waste Solution Reference 
Overproduction Pace the speed of production to match the speed of the 
customer demand. (Takt time). Make use of the pull 
system (Kanban). Minimise the times to set up to 
enable smaller batches to be produced (SMED). JIT 
was also identified to eliminate overproduction. 
(Simboli, Taddeo and 
Morgante, 2014) 
 
Waiting Design processes that promote a continuous flow and 
ensure minimal or no excess stock between activities in 
production (Continuous Flow). Use standardised work 
to ensure that there is a regular method to produce and 
standard times by all the operators (Standardised 
Work).  
(Simboli, Taddeo and 
Morgante, 2014) 
 
Motion Certify that the layout is well organised (5S). Devise a 
better layout of equipment to minimise movements 
(Value Steam Analysis) 




Compare requirements of the customer to the 
production specifications (Kaizen). Looks at simplifying  
the manufacturing processes (Kaizen) 
(Simboli, Taddeo and 
Morgante, 2014) 
Defects Create processes that are less prone to manufacture 
defects (Poke-Yoke). Create processes to detect 
irregularities in order to correct them immediately 
(Jidoka). Identify the one defect that occurs frequently 
and establish why it happens (Root Cause Analysis). 
Supply work instructions (Standardised work) TQM 
systems can also assist in the reduction of defects 
generated  
(Simboli, Taddeo and 
Morgante, 2014) 
 
Inventory Distribute raw material only when it is required on the 
line (JIT). Eliminate buffer stock between processes on 
the production line. (Flow). Refer to overproduction 
countermeasures (Takt Time, Kanban, and SMED) JIT 
can assist in reducing inventory on hand. 




A study conducted on European components producing organisation which implemented 
the following Lean tools: VSM, 5S, Cellular manufacturing, and Single minute exchange of 
Die (SMED) and TPM. The study established that the implementation of these tools not only 
decreased waste in production but also aided in reducing an organisation’s environmental 
impact. Lean thinking is also applied in various areas and showed better returns in 
eliminating waste (Guo et al., 2019). 
Lean manufacturing can render a 15% increase in productivity and a drastic decline in 
reworks, which can easily increase organisational gains. The Lean manufacturing method 
promotes an economic cushion at the bottom of the cycle and effectively provides more 
capacity at the top (Iranmanesh, Zailani, Hyun, Helmi and Kim, 2014). 
Further analysis showed that the majority of companies have improvement aspirations in 
the following areas, Process optimisation (97%), Lean culture (87%), Employee qualification 
(82%), and leadership (80%) (St. Gallen, 2018). 
Manzouri et al., (2014 ) write that they note a reduction in factory variability when Lean 
manufacturing is applied. A Spanish Bosch factory implemented Lean manufacturing and 
they witnessed an improvement in material flow of the assembly line. In a small 
manufacturing organisation that implemented Lean manufacturing, they witnessed the cycle 
time is reduced by 33.18%, changeover time is decreased by 81.5%, the lead time is 
reduced by 81.4%, and value-added time was reduced by 1.41% (Manzouri et al., 2014). 
A study by Iranmanesh,Zailani and Hyun,(2019) proved that applying Lean yielded a great 
cost reduction benefit for organisations leading in Lean Manufacturing and for all other 
organisation it also yielded benefits of on-time delivery, Quality Improvement, a better speed 
in the delivery and, lastly, it assists in reducing innovation cycles. 
Sarhan, Xia, Fawzia and Karim (2017) concluded that after applying Lean methodologies 
they observed a reduced number of steps in the whole organisation, non-value-added 
processes, it decreases the project time interval, and the total cycle time of the project is 
minimised. Lean is a culture for quality improvement starting with changing the mindset of 
the workforce. The observation aligns with Forrester who researches the relationship 
between the adoptions of Lean manufacturing, market share. Lean practices may provide 




85% of the respondents in St. Gallen's (2018) study illustrate that most organisations believe 
that applying Lean manufacturing in the organisations can assist them in staying competitive 
in the ever-changing market 
The article by Vamsi, Jasti and Kodali (2015) studied which is the most prevalent Lean 
manufacturing tool in empirical (case study) articles, and the study shows that approximately 
30% of the articles being studied concentrated on VSM, 21% of studies focused on JIT and, 
lastly, only 8% focused on TPM. 
 
 Literature review summary 
The literature review conducted on the current study provided a holistic overview of Lean 
Manufacturing; it identified the waste that can be found in manufacturing and the various 
strategies that can be utilised to eliminate the waste. 
 
Table 3 Summary of wastes and Lean Manufacturing strategies in manufacturing 
Factor Description Primary Reference 
Inventory Access stock 
Work in progress 
Finished goods 
 
(Khalil A. El-Namrouty, 2013 ). 
(Rawabdeh ,2015) 
 
Defects Non-conforming products  
 
(Dorota Stadnicka and Pawel 2019) 
Overproduction Producing off schedule 
Producing more than what is required 
 
Dorota, Paweł and Litwin (2019) 
Transportation Items that are physically far apart (Jaffar, Kasolang and Ghaffar, 2015)  
 
Waiting Delays 
Inactive WIP  
Waiting for instruction 
 
(Jaffar et al., 2015). 
 
Motion Bending and stretching to locate working 
material, tools etc 
 
(Namrouty.et al., 2013) 
Over-processing Extra features that the customer is not willing to 
pay for 
 
(Namrouty.et al., 2013) 
Unused human talent The inability to utilise people’s talents and 
skills, wasting information people possess 
and failing to implement excellent ideas  
 
(Vilventhan, Ram, and 
Sugumaran, 2019) 
Lean thinking Creating a culture of continuous improvement  
Lean is 80% mind-set, 20% tools and methods 
(Smith and Thangarajoo 2015) 
(Sangwan, Bhamu and Mehta, 2014). 





Factor Description Primary Reference 
Lean Principles Creation of value for the customer 
Improve continuously to strive for perfection 
(Smith and Thangarajoo 2015) 
(Camu and Secchi ,2019) 
(Corbett, 2017, p. 4) 
Critical success factors Essential elements to the success of any 
programme 
In order to sustain Lean operators must be 
trained 
Employees need to train  
Cross-functional team and problem-solving 
 
(Rose, Deros and Rahman 2014) 
(Alhuraish, Robledo and Kobi 2016) 
(Zargun and Al-ashaab ,2014) 
Just in time 
Availability of material  
JIT as a philosophy means to get the right 
amount of merchandise at the right time 
 
(Singh, Singh and Ahuja ,2014) 
(Singh, Singh, Maud and Singh, 2013) 
Continuous improvement 
initiatives 
5S is an effective continuous improvement tool, 




VSM Connects people, processes, tools and the 
documentation that is required to obtain Lean 
goals. 
Operators incorporated in problem-solving 
initiatives 
VSM is used for identifying waste 
(Muniyappa and Prasad 2016) 
(Romero and Arce, 2017) 




This can be carried out by interdisciplinary teams 
that systematically eliminate the root causes of 
waste that are mostly seen in production 
processes 
 
(Shyong Wai Foon, 2014). 
SMED  Group machines, humans, materials, tools and 
storage equipment into families 
 
(Singh et.al.,2014) 
Kanban Getting items only when they are needed 
 
(Siasos et al., 2017) 




5S  The first step in waste reduction  
 
(Singh Rajput and Jayaswal, 2012) 
TPM One of the challenges faced by operators is a 
machine breakdown 
 
(Madanhire and Mbohwa, 2015) 
 
Takt time The pace at which the line flows 
 
(Asim and Sharma, 2016) 




This chapter discussed available existing knowledge that will contribute to the research 
methodology. The literature review identified a gap in the manufacturing sector, the waste 





Manufacturing organisations today are moving away from production lines that are full of 
waste to properly organise efficient and more lucrative ventures. The identification of waste 
followed by its elimination is a favourable way to increase profitability and variability in the 
manufacturing sector. It is important for an organisation to be able to identify where the 
waste stems from. For each type of waste, there is a strategy for elimination. According to 
Vamsi, Jasti and Kodali (2015) applying the correct Lean tools to the correct waste will not 
only reduce waste but will also lead to increased throughput, rate of productivity, flexibility, 
inventory turnover, customer relationship, employees motivation levels, profitability, and 
quality of products. 
Lean manufacturing is not a fixed programme that only consists of tools and methods; it is, 
however, a continuously evolving production system that is developed through problem-
solving, continuous improvement and learning. From the literature review, various 
techniques can be implemented to enhance the productivity in a company. Lean 
manufacturing could be directed towards improving waste in manufacturing.  





 RESEARCH METHODOLOGY 
 Introduction 
This section outlines the strategy applied in selecting a sample from the population, data 
collection and methods utilised from data analysis to answer the research questions. 
According to Kothari (2010), a research methodology is a plan for identifying who and what 
will be studied and how to gather data from the identified population.  
 
3.1.1 Research philosophy 
Saunders, Lewis and Thornhill (2016) state that a research philosophy is a set of common 
views and assumptions shared between researchers about information. Doing research can 
be described as developing knowledge in a certain field by answering a specific problem in 
any environment. Research philosophy can be viewed as a researcher’s spectacles which 
are utilised to view the world. Naicker (2017) writes that there are three major research 
philosophies: Ontological, Epistemological and Axiology. The ontological philosophy is 
about what is real. According to Saunders et al., (2016), Ontology is based on the nature of 
what is real. The goal of Ontology is to respond to questions about the reality of things and 
group them according to likenesses (Saunders, Lewis and Thornhill, 2016).This method was 
not ideal for the current study.  
Saunders et al., (2016) state that the Epistemological philosophy tackles how do you know, 
and the methodology tackles how you will go about discovering it. Epistemology provides a 
philosophical background for deciding what kinds of knowledge are sufficient, for this reason 
this philosophy was adopted for the study Epistemological philosophy is focused on how 
knowledge can be built, developed and communicated. 
According to Saunders, Lewis and Thornhill (2016) Axiology is a branch of philosophy that 
researches the views of the researcher about values and ethics. This includes how the 
researcher tackles their personal values and those of the research partakers. The role of 
the researcher’s own values plays an essential role in all stages of the research for the 
research results to be credible. For this this reason this research philosophy was not ideal 
for the study. Axiology affords clarity when the researcher is aiming to describe the world or 





3.1.2 Research philosophy assumptions 
Pham (2018) states that when a scholar knows the philosophical problem, the correct 
research design can be chosen to support the research objectives. It is essential to make 
philosophical assumptions before embarking on the research. This section considers a wide 
range of research philosophies that determine the research design which assist in reaching 
the research objectives. This section will briefly discuss the four assumptions, being 
interprevism, positivism, pragmatism and realism followed by a justification of the selected 
assumption. 
Interpretivism considers the views and opinions of the external world and the human element 
is regarded as essential to knowledge. Interpretivism supports the view that social reality 
can be one-sided (Saunder et al., 2016). Interpretivism believes that information and 
connotations people associate with social events are symbols of interpretation (Pham, 
2018). In simplified terms, scholars that utilise this philosophy access information through 
human subjects such as language, communication and common knowledge (Pham, 2018). 
An interpretivist philosophy is classified by qualitative research methods and inductive 
reasoning (Creswell, 2014), and for this reason, the interpretivism method was not preferred.  
Realism assumes that objects exist separately from the human mind (Kuipers, 2013). 
Realism can be viewed as the way individuals comprehend the world, particularly through 
their encounters with others, through the medium vernacular. From an epistemological 
perspective, realism adopts the view that scholars should witness events to judge the 
authenticity of facts (Kuipers, 2013). While from an ontological perspective, realism regards 
the scholar as a neutral observer whose presence is taken out of the social environment. 
According to Al Zefeiti and Mohamad (2015), pragmatism makes use of multiple research 
methods to tackle a problem. The motive of pragmatism is to ascertain that the subject being 
researched is external to each person and to ascertain that the research indicates the true 
perceptions of people. Objectivism and subjectivism can be merged by facts and numbers, 
or realistic information (Creswell, 2014) . Saunders, Lewis and Thornhill (2016) state that 
pragmatism is an instinctive process that is steered by an intuition that something is wrong. 
A positivist philosophy is classified with a quantitative research approach and deductive 
thinking (Creswell, 2014). This is the main reason why the study followed a positivist outlook. 
Positivism is an approach that treats social facts as separate activities from both the 




because it guarantees precise research knowledge (Saunders, Lewis and Thornhill, 2016). 
Positivists should not be biased and should detach from the research so that they do not 
influence the findings of the research paper (Cooper and Schindler, 2014).  
 
3.1.3 Justification for positivism 
This study will follow a positivist outlook. According to Creswell (2014), positivism follows a 
quantitative and deductive research approach, which is relevant for this study. Positivism is 
driven by observing and measuring facts (Saunders, Lewis and Thornhill, 2016). A scholar 
can make use of existing knowledge to advance and test hypotheses and utilise findings to 
derive additional knowledge (Cooper & Schindler, 2014).  
 
 Research approach 
As suggested by Cresswell (2014) depending on the research outcome, any method can be 
employed in a research paper. The methods are qualitative, quantitative and mixed methods  
Cresswell (2014) describes quantitative research as an aid in gathering numerical data that 
can be organised into statistical testing to weigh the findings. The outcomes can either 
accept or reject knowledge through testing the theory. Quantitative research practices the 
usage of statical methods to review data and draw conclusions. 
Saunders, Lewis and Thornhill (2016) indicate that qualitative studies involve fixed 
descriptions and a demonstration of opinions gained from the subjects which the researcher 
requires to become involved with the social environment or event. Qualitative studies refer 
to the meaning, the definition and the analogy of characterising something.  
Another type of research strategy is a mixed-method research strategy, which makes use 
of both qualitative and quantitative research strategies. This is beneficial to a study because 
a study can gain the benefits of each strategy combined to address the shortcomings of the 
other methods (Creswell and Creswell, 2018). Although this method has great benefits it 





 Research Design 
Saunders, Thornhill and Lewis (2016) describe a research design as a structured outline for 
collecting data from participants. The components of research design include the purpose 
of enquiry, research approach for data analysis, unit of analysis and time horizon. 
 
3.3.1 Purpose of enquiry 
There are various methods for conducting a research study, and the methods are 
exploratory, explanatory and descriptive studies (Naicker, 2017). 
Cooper and Schindler (2014) state that an exploratory study is usually an informal and 
inflexible research method to explore the true nature of the problem. Exploratory research 
often leads to descriptive research. The intention of exploratory studies is to investigate new 
ideas and increasing understanding (Kuipers, 2013). 
Explanatory research is referred to as casual research. It aims to study, establish, and verify 
the relationship that exists between a set of variables (Kuipers, 2013). Explanatory research 
is a supplicated method that enables the scholar to make use of an exhaustive list of causes 
that have an influence on other variables (Cooper and Schindler, 2014). This method was 
not used for the current study as the study will not be verifying a relationship between 
variables. 
Descriptive research is formal, and usually followed when the researcher has full clarity 
about the problems to be investigated, and procedures to be followed to collect data. It helps 
to gain a better understanding of already identified problems by emphasising the attitude, 
viewpoints, and opinions held by a group of people (Wilson, 2014). This method uses 
surveys to describe the ongoing behaviour of variables (Wilson, 2014). Descriptive research 
is designed to gather information that describes the properties of the topic of interest in the 
research (Gray, 2012). The descriptive method is useful in this study as it focuses on 
describing the types of waste generated by the case study organisation and the Lean 
manufacturing strategies adopted by the organisation. 
 
3.3.2 Justification for a descriptive study 
This method was the preferred method for this research because descriptive research is 




(Saunders, Lewis and Thornhill, 2019). The descriptive study also aligns with the usage of 
questionnaires (Saunders, Lewis and Thornhill, 2019). 
Descriptive studies emphasise the various aspects and investigate what, when, where, who 
and how problems. Descriptive research involves gathering data connected with the current 
state of affairs and critical situations that should be actioned immediately (Wilson, 2014). 
 
3.3.3 Research approach for data analysis 
Saunders, Lewis and Thornhill (2016) describe the research approach as the methods of 
reasoning in the process of either building a theory to add value to existing knowledge or to 
test existing theories to validate existing assumptions. 
There are techniques that are used for data analysis and these methods are an inductive or 
deductive method. 
Gray (2012) states that the deductive approach is viable for studies where extensive 
theoretical information is available, and the validity is weighed using scientific approaches. 
This method was selected for the current study 
Inductive approaches do not require theoretical assumptions because they follow a specific 
general process. The study normally begins with a range of observations to derive the 
outcomes as a subjective outcome (Wilson, 2014). The approach is formulated around 
coming up with new theories since we are not forming new theories; this method was not 
selected for the current study. Scholars using inductive studies presume that observations 
made can be rationally generalised into global guidelines (Neuman, 2014). 
 
3.3.4 Justification for deductive method 
In the current study, the literature review followed the deductive approach; the aim is to 
identify the applications of Lean manufacturing in the case study organisation, first by 
exploring literature and then by testing the validity of the assumptions in an actual case study 
outcome, that validates theoretical underpinnings (Gray, 2012). 
According to Neuman (2014), a deductive approach starts from a generic process and 
initiates a holistic review of existing philosophies and theoretical guidelines that are tested 
using statistical data testing. The deductive approach is in alignment with the positivist 




by testing the data. Scholars pursuing the deductive approach in a study detect information 
gaps that exist in the literature, followed by the construction of questions, data collection, 
testing of data, and drawing conclusions.  
A deductive study means to come up with contemplations and what is known in an 
environment. Since the Lean methodologies are already known principles, this means 
objectivity of research will be strengthened. 
 
3.3.5 Unit of analysis 
This study made use of Lean manufacturing and waste generated in manufacturing as the 
unit of analysis. The research study achieved its desired objectives and responses to the 
problem statement through the adaptation of research approaches. 
 
3.3.6  Research method strategies 
Depending on the type of research strategies applied and what question the researchers 
are attempting to answer, there are various strategies that assist in collecting data. There 
are four main strategies, namely surveys, experiments, archival analysis and case studies. 
The different types of strategies will be discussed briefly, and the selected method will be 
discussed in further detail. 
Experiments are conducted to test the relationship between variables. Experiments are also 
used to test the impact of variables on other variables. The variable being impacted is a 
dependent variable and the one that impacts the other is the independent variable 
(Saunders et al., 2016). The results of an experiment are witnessed by the scholar for testing 
the hypothesis and revealing facts that are public knowledge. The scholar’s findings are 
linked to any factor of the population under study, and the conclusions are generalised from 
the precise sample to a larger group (Saunders, Lewis and Thornhill, 2019). Experiments 
were not used in this current research 
The survey is used for both qualitative and quantitative research design. Quantitative 
surveys include pre-established, structured and close-ended questions that involve a group 
of choices while responding (Almeida, Queirós and Faria, 2017) . Close-ended 
questionnaires involve theoretical ideas and variables reviewed in the literature that need to 




record the belief, motivation and decisions of the participants. While qualitative surveys that 
are done in the form of an interview are usually open-ended or semi-structured questions. 
The main advantage of the survey is that it is flexible and can be done online or offline and 
can gather a large amount of data in a short time span. However, there is a possibility of 
getting flawed information if the participants misinterpret the questionnaires (Almeida et al., 
2017). 
A case study can be described as a practical investigation of an act or situation that is 
observed within the confines of the actual environment (Wilson, 2014). A case study gives 
the scholar comprehensive data about the subject under investigation, as well as the 
methodology used in the investigation (Saunders, Lewis and Thornhill, 2019). According to 
Yin (2014), in a case study, the specific situation of various cases needs to be studied 
uniquely to be able to draw conclusions.  
Case studies include secondary research, for example, reviewing empirical research 
published in journals, and primary research from the selected organisation.  
It is difficult to draw generalisations from case studies of the entire population, as the sample 
represented by the case study is seen to be too small to generalise. Although case studies 
have a limitation in terms of generalisability, the results found in the study can be compared 
with other studies to validate the case study (Yin, 2014). 
The current research will be adopting the case study method. 
 
3.3.7 Justification for the case study strategy 
According to Yin (2014), case studies are research strategies that explore an event in-depth 
in its real-life occurrence. In a case study, the case being studied can either be a person, 
event or organisation. Saunders, Lewis and Thornhill (2016) state that studying a case in its 
real-life context removes any chance of manipulating data.  
Case studies can make use of multiple sources for data collection which is called 
triangulation. Which supports the validity of the case study? This allowed the collaborations 
of findings from the literature review, document analysis and the questionnaires (Mills, 
Durepos and Wiebe, 2013).Case studies reduce the possibility of manipulating data 




The single or multiple studies can be selected when using the case study research method. 
The decision to select between the two strategies is anchored on the objectives of the study. 
Single case studies are chosen when the objective is to study a single case due to its 
uniqueness and criticality (Saunders, Lewis and Thornhill, 2016). 
For the purpose of this study, a single case design was selected. Single case studies allow 
the scholar to get in-depth information on the case being studied (Yin, 2014). Single case 
studies allow the scholar to observe and analyse an organisation that has not been studied 
before and receive an in-depth understanding of the organisation being studied (Almeida et 
al., 2017). There is a strong reliance on case studies of existing theory to provide guidance 
in the collection and analysis of data (Nathan and Scobell, 2012). 
Case studies allow multiple methods of data collection for the study, and this is referred to 
as triangulation. This method is beneficial for the study as it supports the validity and enables 
collaborations of findings from different data sources (literature review, operational data and 
questionnaires) (Mills, Durepos and Wiebe, 2013). To add depth, a case study can be used 
in conjunction with other approaches 
The possibility of manipulating the cases is eliminated as the case is studied in its real 
context (Spinks, Canhoto and Rose, 2015). The data collected reflects the current activities 
in the case study organisation; this eliminated any bias towards a pre-determined conclusion 
for the study by the researcher. It also increased the research’s reliability as the accuracy of 
the research data increased. 
A case study strategy was selected primarily on what the study wants to achieve. The aim 
is to study in detail and gain an in-depth understanding of the case organisation. The case 
study is taken to gain a broader understanding of the subject being studied (Gustafsson, 
2017).The research study selected one organisation to study. 
 
3.3.8 Time horizons  
Saunders, Lewis and Thornhill (2016).argue that research studies could collect data 
repeatedly over an extended time period with the aim of observing changes in the data over 
time, these studies are said to be longitudinal research studies. While other research studies 
collect data at a certain point in time with the aim of investigating a specific phenomenon at 
a particular time, and these are referred to as cross-sectional research studies (Saunders, 




selected. A cross-sectional time horizon has been criticised for only giving a ‘snapshot’ view 
of the research study sample (Saunders, Lewis and Thornhill, 2016). A snapshot view was 
ideal for the study as this was not a long-term study. 
The primary data for the research study was collected using questionnaires that were sent 
out to employees via email. The secondary data was collected through Qliksense. Qliksense 
is a business intelligence tool that gathers all organisational data and interprets the data to 
key performance indicators and dashboards for reporting purposes. Document analysis was 
done using data collected from January 2018 to December 2019. This time frame was 
selected to ensure that comprehensive data was gathered to conduct the study.  
 
 Data collection method  
Establishing the research method and research design is foundational in defining the data 
collection method in a research study. Ajayi (2017) defines data as facts and figures that 
can be used to draw a conclusion. Data can be collected from two types of data sources; 
primary and secondary sources.  
Primary data is data gathered for the researcher’s specific needs for a research project, 
whereas secondary data is data collected by other people for their own research studies or 
for commercial reasons. The sole difference between the two data types is that primary data 
is new data while secondary data is reused data (Saunders, Lewis and Thornhill, 2019). This 
research used an online questionnaire to collect primary data and secondary data was 
downloaded from Qlik sense for the organisation's operational data. 
The questionnaire was created on the internet on Monkey survey. The data was collected 
and summarised by Monkey survey. There was no manual capturing of data; data was 
downloaded from the application when the questionnaires where completed by the 
respondents. Excel files were used to analyse the data.  
 
3.4.1 Secondary data and Document analysis 
Secondary data is data readily available from the organisation. It is important to ensure that 
the source is credible prior to using the information (Wilson, 2014). Secondary data sources 
are interpretations of primary data, textbooks, encyclopaedias, magazines and newspaper 




Document analysis is a qualitative research analytical method that is generally used to 
review printed and electronic documents to gain an understanding of the data that can be 
used to develop empirical knowledge (Shareia, 2015). Document analysis also provides the 
researcher with an opportunity to accumulate supplementary research data. The data from 
document analysis can also be used to verify the findings from other data sources (Gray, 
2012). Document sources are used primarily to collaborate and strengthen evidence 
collected from other sources (Shareia, 2015).  
For this research study document analysis was conducted through the analysis of 
operational data extracted from Qliksense. Prior to accessing the operational data 
permission in formal writing was requested from the organisation and a non-disclosure 
agreement was signed in order to be able to protect the name and data of the organisation. 
The operational data will include the waste generated on the site and the lost time due to 
non-value added activities data from January 2018 to December 2019. This period was 
selected because the organisation implemented the Manufacturing execution system in 
January 2018, therefore data is available from that date. Through document analysis, the 
research study was able to receive a clear picture of the waste generated in the organisation  
The data collected contained information about the non-value add activities of the operators. 
The table below shows the codes the organisation uses for the indirect activity and the 
description. The indirect codes with a tick are the codes that were used for the current study. 
 
Table 3 : Indirect codes 
Code Description Included in the current research  
105 Meetings  
111 Contractual breaks and tea times  
107 Production stop – Part unavailability ✓ 
102 Training  
110 Production stop – Resource unavailability ✓ 
106 Production stop - Machine Breakdown ✓ 
104 Cleaning  
108 Waiting due to supplier  ✓ 




Code Description Included in the current research  
109 Waiting due to customer  
101 Training for new position  
 
This data contained in the organisation’s documents was collected electronically on a 
continuous run basis from Qliksense and MES (Manufacturing Execution System) .The data 
from daily operations was used in management meetings by the production teams for 
problem solving purposes (Farinha, Galar,Shagluf and Longstaff, 2014).  
This data from document analysis was used to fulfil the second research objective: To 
conduct a trend analysis of the waste generated by the case study organisation. 
 
3.4.2 Primary data Questionnaire method 
This study will follow the self-administered questionnaire method to conduct the 
questionnaires. Self-administered questionnaires were selected due to their ease of usage, 
perceived anonymity and giving the respondents sufficient time to deliberate about the 
answers (Wilson, 2014). The self-administered method is a method where the research 
participants complete the questionnaires themselves without assistance from the researcher 
(Lozano, Lobos, March, Carrasco, Barros and González-Porras, 2016). For the self-
administered questionnaire method to be successful, the design of the questionnaire had to 
ensure that it was easy to use, provide assurance of anonymity and that participants were 
given enough time to answer the questionnaire. 
The questions contained in the questionnaire were all closed-ended multiple-choice 
questions to allow for the ease of answering and to encourage participants to respond as it 
takes less time than open-ended questions. These were all important factors as the 
questionnaires were completed by participants who were unsupervised by the researcher 
(Lozano et al., 2016). The weighted mean method was used to analyse the data. 
Questionnaires are the most common method utilised for quantitative data collection 
(Wilson, 2014). Due to this reason, questionnaires were selected for this research paper. 
Questionnaires allow for data to be collected from large samples with minimal labour and 
other resources (Wilson, 2014). Naicker (2017) argues that questionnaires have both 





Table 4 : Advantages and disadvantages of questionnaires  
Advantages Disadvantages 
It gives the respondents the liberty to answer the 
questions at their own convenience and gives them 
space to think about their answers  
 
Questionnaires often have a low rate of response  
The participants are guaranteed anonymity 
 
Questionnaires are often regarded as impersonal 
The possibility of prejudice from the interviewer is 
eliminated 
The respondent might misinterpret the questions 
because the interviewer is not there to provide 
clarity. 
 
Questionnaires are cost-effective Questionnaires are distributed a lot, they might 
compete for the respondent time. 
 






For this research study, this limitations presented by questionnaires were mitigated through 
the use of an introductory cover page and consent letter to the questionnaire that gave the 
participant background information about the study including the reasons for conducting the 
study, the benefits to the research and ethical issues (Wilson, 2014). Clear instructions were 
also given prior to the start of the questionnaire to ensure that participants knew how to 
complete the questionnaire.  
According to Johnson, Hara, Hirst, Weyman,Turner, Mason,Quinn, Shwan and Siriwardena 
(2017), triangulation is a technique used to cross verify the research paper by utilising 
multiple data sources to promote validation. This research study made use of the 
triangulation method by incorporating the literature review, document analysis of operational 
data for a period of 24 months and, lastly, primary data through questionnaires. Applying 
these three methods offered a holistic view of the Lean manufacturing strategies applied 
and the identified waste generated in manufacturing. These three methods are essential for 
validating the research study. The various data collection methods have drawbacks , 
however the triangulation method balances out most of the individual drawbacks , which 
promotes a stronger research conclusion (Johnson et al., 2017). According to Saunders, 





3.4.3  Questionnaire layout 
The study used online questionnaires due to their ability to reach a vast group of people with 
minimal effort (Cresswell, 2014). Studies suggest that a 30% response rate is an acceptable 
number due to all the challenges associated with the technique.  
The main objectives of the study provided support in constructing the questionnaire. The 
participants of the study were requested to select the option they felt best suited them using 
the Likert scale strongly agree, agree, not sure, disagree, strongly disagree for the waste 
questions and never, rarely, sometimes, often and always for the Lean manufacturing 
strategies questions. 
The first part of the research is a cover letter and consent letter to the participants which 
gives information about the research topic, the institution name, details about the scholar 
and a brief paragraph that informs the participants that they are under no obligation to 
participate in the study.  
 
Section A: Biographical information 
Section A of the questionnaire was designed to establish the participant’s role within the 
organisation. The data collected in this section was required for the research study, not only 
to determine the role of the participants within the organisation, but also their knowledge or 
experience of the organisation’s Lean initiatives. Demographics were created to understand 
the characteristics of the contributors and provide an outline of questions to establish the 
participant’s level of knowledge of Lean manufacturing.  
 
Section B: Waste generated 
Section B was designed to answer this research question: Which are the identified wastes 
that are generated by the manufacturing company? The variables of measure column in the 
table below described the different types of waste, and the determination column describes 





Table 5 :Waste, determents and question 
Variables of measurement Determination  Question in questionnaire 
Overproduction: when too 
much is being produced too 
early or too late, leading to an 
excessive quantity of 
products, (Khalil A. El-
Namrouty, 2013 ). 
 To assess if the organisation is 
producing the correct product at 
the correct time 
 To determine the ability of the 
organisation to meet customer 
demand 
 There is a daily/ weekly/ monthly 
schedule of production targets? 
Waiting: The cycle times in 
production are kept to a 
minimum. The operators do 
not spend the majority of the 
manufacturing times waiting 
for the subsequent process 
Jaffar et al., 2015). 
 To assess if the operators spend 
an exorbitant amount of time 
waiting for the next process 
 To assess if the workload is 
balanced between processes 
 Manufacturing cycle times are 
kept to a minimum. Employees 
do not spend excessive time 
waiting for the next process? 
Transportation Unnecessary 
movements of components 
happen when, instead of 
manufacturing occurring in a 
sequence or workstations 
being placed next to each 
other, they are physically 
distant from each other., This 
means that transporting 
equipment must be constantly 
positioned for the next step in 
the process (Jaffar, Kasolang 
and Ghaffar, 2014) . 
 To assess that operators to not 
walk long distances to access 
parts to use in the processes  
 To assess if the operator does 
not waste time trying to reach a 
part. 
 
 The shortest distances are 
maintained to transport parts 
within the different manufacturing 
cells? 
Extra processing: 
Processing more than what 
the customer requested is 
deemed as waste, items such 
as additional features that the 
customer is not willing to pay 
for (Namrouty,.et al., 2013) 
 To assess that they only produce 
what the customer is willing to 
pay for. 
 
The expectation of the customers 
is well defined? 
  
Inventory: Inventory can be 
classified into the following 
groups: raw material, work in 
progress (WIP) and finished 
goods. Most company’s carry 
more inventory than what is 
required. (Rawabdeh, 2015). 
To assess that inventory levels are 
kept at a minimum 
To assess that there is minimum 
WIP kept in the organisation 
 
Lot sizes are continuously 
monitored and reduced to keep 
inventory down? 
Motion: Waste in motion 
includes walking around the 
factory to locate tools, 
strenuous movements as a 
result of poor ergonomics 
(Khalil A. El-Namrouty, 2013).  
 
 To evaluate that the operators do 
not have extraneous movement. 
 




Variables of measurement Determination  Question in questionnaire 
Defects: High process 
variability is deemed to be a 
problem; in such instances a 
company can produce 
different kinds of non-
conforming products daily and 
is therefore not able to gauge 
if they can meet customer 
requirements. It, therefore, 
keeps high inventory as a 
backup. (Simboli, Taddeo and 
Morgante, 2014)  
 
 To determine if all processes are 
defined 
 To determine that by following 
defined processes minimises 
defect  
 The product specifications are 
defined? 
Unused human talent: The 
inability to utilise people’s 
talents and skills, wasting 
information people possess 
and failing to implement 
excellent ideas (Vilventhan, 
Ram, and Sugumaran, 2019) 
 To establish if people are 
underutilised 
 Peoples ideas are valued? 
 
SECTION C: Lean strategies 
Section C was designed to answer the research question: What Lean manufacturing 
strategies are applied in manufacturing? The variables column described the strategies 
selected and the reference. The determination column is describing what each variable of 





Table 6: Lean tool, determinant and question 
Variables of measurement Determination Question in Questionnaire 
SMED 
Group machines, humans, 
materials, tools and storage 
equipment into families (Singh et 
al., 2014) 
To establish if the level of adaptation of 
the tool in the organisation 
The following Lean tools are 
implemented in my organisation - 
SMED? 
 
Standard work  
Grants a guideline as to how 
processes must be followed 
(Kumar, 2014) 
To establish if the operators are doing 
tasks the same way 
 
. 
The following Lean tools are 
implemented in my organisation - 
Standard work? 
Value stream Analysis  
Value Stream is generally utilised 
for analysing the current state of 
data and how material flows in 
production, it aids in drafting the 
future state of processes, bringing 
to light problems within the 
processes (Mostafa et al., 2015) 
To establish if the organisation uses this 
method for problem solving 
 
To establish if this method is assisting in 
exposing problems 
 
The following Lean tools are 
implemented in my organisation - Value 
Stream Analysis? 
Just in Time. The underlying 
concept of JIT is to bring harmony 
to the process of manufacturing, 
through systematic handling of 
material, distributing the correct 
material, at the correct time in 
correct sets of quantities, in order 
to reduce waste and provide the 
greatest satisfaction for the 
customer 
 
It is a better system for producing 
and distributing the correct items 
at the correct place in correct 
amounts (Siasos et al., 2017). 
 
To check the organisation level of 
adaptation of the tool, 
 
To establish if manufacturing is 
governed by the tool 
The following Lean tools are 
implemented in my organisation - JIT? 
Kaizen  
Small gradual improvement 
(Modi and Thakkar, 2014) 
(Gray, 2012) 
 
To establish if the organisation makes 
frequent improvements? 
The following Lean tools are 
implemented in my organisation? 
Kanban  
Getting items only when they are 
needed (Siasos et al., 2017) 
To establish if there is a signalling 
system for reorder points 
The following Lean tools are 
implemented in my organisation? 
TPM Total Productive 
management systems can also 
assist in the reduction of defects 
generated (Singh et al., 2014) 
To establish if there is a system in place 
to maintain machinery  
To establish if machine breakdowns are 
minimised 
The following Lean tools are 
implemented in my organisation? 
 
3.4.4 Research Sampling Method 
A population is a whole group of individuals in a study. The collection of data from a huge 
population consumes time and is a costly exercise. A sample is usually selected from the 
population to gather data. Selecting a sample narrates to whether the participants chosen 




randomly from a list that includes the entire population, and this list is referred to as a 
sampling frame (Kumar, 2014).  
Etikan, Musa and Alkassim (2016) describe total sampling as a technique that studies all 
the elements in the selected population to make up the research sample. This current 
research will study the whole population as the population is relatively small in size. The 
successful use of total population sampling relies primarily on the acquisition of a complete 
list of the population, which could present a disadvantage to the sampling technique if not 
acquired. The complete list of employees, their job profiles and email addresses were 
provided by the human resource department of the organisation (Etikan, Musa and 
Alkassim, 2016). 
The sample size for the study was 66 people. The population consists of Elementary 
Business Unit Managers (EPU), Line Managers, and support functions.  
 
 Data Analysis 
Etikan, Musa and Alkassim (2016 describes data analysis as the evaluation of multiple 
documents to find the meaning and conclusion of a specific topic. Data analysis explores all 
technical and general aspects of the data. For the current research the questionnaires were 
distributed to all the participants that made up the research study population in the case 
study organisation. 
The research questionnaires were constructed to support the objectives of the study. The 
interpretation will be derived from the answers of the participants to the questionnaire. When 
the majority of the population agree on a certain point, then the answer will be regarded as 
the correct reflection. 
 
3.5.1 Primary data Analysis 
Data collection: The survey was created on the internet on Monkey survey and the data 
collection was carried out by the platform. The data was collected automatically by Monkey 
survey. There was no manual capturing of data; data was downloaded when the 




Data processing: Refers to the decoding of information from survey responses with the 
purpose of gaining meaning. The first step was to clean the raw data to answer the identified 
research questions. Microsoft Excel was useful in cleaning data and as a decision-making 
support tool.  
For data analysis, Microsoft Excel was used. The data was placed in tables and graph format 
for clearer analysis. The research questionnaires are constructed to support the objectives 
of the study. The interpretation will be derived from the answers of the participants to the 
questionnaire. When the majority of the population agree on a certain point, then the answer 
will be regarded as the correct reflection. The weighted mean method was used. Weighted 
mean is an average where each quantity is assigned a weight. The different weights 
determine the relative importance of the average of each. quantity. The different weights are 
correspondent of various like items with the same value included in the average (Arunagiri 
and Gnanavelbabu, 2014). To calculate the weighted, mean the following formula was used: 
 
Where: 
Σ = the sum of (in other words…add them up!). 
w = the weights 
x = the value 
In order to calculate the values and ranking according to importance of the production waste.  
The last step in the research was to compile the research report. The results of the data 
analysis are documented in order to draw a conclusion and recommendations were derived 
from the survey.  
 
3.5.2 Secondary data analysis 
The document analysis data was also captured and reviewed on Microsoft Excel and then 
a trend analysis was conducted in order to answer the research question, what are the 
wastes generated by the case study organisation? 
The objective of running the analysis was to determine the trend of the waste generated 




way to identify the relationship between two variables, where the independent variable is 
placed on the x-axis and the dependent variable is placed on the y-axis. The variable used 
for the trend analysis on the x-axis is lost time in percentages, and on the y-axis will be 
waste generated (production stop - parts unavailability, waiting due to supplier, resource 
unavailability and production stop - machine failure).  
 
 Reliability 
The purpose of reliability is to investigate the accuracy and precision of the measurement 
procedure and minimise the room for errors and bias in the study (Heale and Twycross, 
2015). According to Saunders, Lewis and Thornhill, (2016) there are various aspects that 
influence the reliability of a research study. The aspects include errors by the participants, 
bias from the participants, errors from the scholar and, lastly, bias from the scholar  
To eliminate the errors from the participants, self-administered questionnaires were used for 
data collection for primary data purposes. The questionnaires were circulated electronically 
using Monkey survey. A cover letter was attached which provided the respondents with 
guidelines to follow when responding to the questionnaire, the aim of the study, the benefits 
of the study to organisation and guaranteed anonymity and voluntary participation where 
included in the cover page. The scholar was not part of the collection of the secondary data 
to be used for the document analysis and the data was collected by the case study 
organisation. 
Another factor that affects research reliability is the scholar’s bias as the scholar may 
deliberately attempt to influence the outcome of the research (Saunders, Lewis and 
Thornhill, 2016). For the current research study, the researcher had no direct influence or 
contact with the participants as they were answering the questionnaire. The instructions 
were on the cover page and the questions were not complex. 
Another factor that was taken into consideration was the researcher’s error, it is possible for 
the researcher to make flawed interpretations of the results. The current study eliminated 
this factor by means of pattern matching. Pattern matching is endorsed for case study 
research as it can improves the credibility of the research study (Pearse, 2019). To conduct 
pattern matching for this study the questions in the questionnaire were connected to 
information found in the literature review (see tables 5 and 6). Through pattern matching the 




to develop a connection between observed patterns and theoretical patterns. For the current 
research study, the use of pattern matching allowed an indication of whether there was a 
demonstrable relationship between the theory behind Lean manufacturing waste and Lean 
manufacturing methodologies in practice (Pearse, 2019). Matching the individual 
questionnaire questions with existing literature gave direction as to how the research 
findings were interpreted by the scholar (Saunders, Lewis and Thornhill, 2016; Yin, 2018). 
 
 Validity 
Vamsi, Jasti and Kodali (2015b) describe validity as the measure used to ensure that the 
study studies what it is meant to study. According to Jasti and Kodali (2014), validity can 
either be internal or external. Internal validity represents the validity of the research 
measurement technique while external validity represents the generalisability of research 
results to the target population. Validity is essential in probing whether the research study is 
suitable, meaningful and of value. There are four types of validity used to assess internal 
validity. They are face validity, concurrent validity, predictive validity and construct validity 
(Jasti and Kodali, 2014). 
Face validity refers to whether a measurement technique appears to measure what it was 
meant to measure (Heale and Twycross, 2015). This research used face validity because 
the research document was reviewed by the supervisor based on expert knowledge. 
Concurrent validity compares results from the new measurement technique to another well-
established measuring technique that is identified as measuring the same research 
variables, to establish if the results correlates with each other (Jasti and Kodali, 2014).  
Predictive validity refers to the accurate use of results obtained from measuring a construct 
to predict behaviour. The primary limitation of this type of validity is that there are limitations 
to predicting behaviour in-depth, even though it can predict basic trends to a certain extent 
(Heale and Twycross, 2015). 
Construct validity refers to the use of reviewing past research to establish if the 
measurement of a research study variable behaves the same way as the actual variable 





  Ethical Considerations 
There are ethical issues that always need to be addressed in research that involves humans 
, animals and the environment or other research studies where the integrity and honesty of 
the researcher are of concern (Haque et al., 2017). Research ethics deal with what is 
permissible and acceptable while conducting research. Conducting research in an ethical 
manner benefits the researcher by creating an environment that fosters trust with research 
participants thus encouraging participation, but also protects the researcher legally. The 
research participants were also protected as their personal rights are protected while taking 
part in ethical research studies. 
Prior to the commencement of this research, study permission was requested and granted 
by the organisation that took part in the study. Permission was granted and conditions that 
needed to be fulfilled to protect the intellectual property of the organisation were clearly 
stipulated and agreed on, and non-disclosure agreements were signed between the 
individual organisation and the researcher.  
This was followed by an application to the University of Johannesburg: Faculty of 
Engineering and Built Environment’s ethics committee to fulfil the rules and regulations of 
the institutions for carrying out research studies. Permission was granted without any 
requirements to make alterations to the proposed research study methodology, an 
introductory letter was drawn up and attached to the research study questionnaire, and it 
addressed the following issues: 
Participants were encouraged to partake in the study but were clearly informed that the 
study is purely voluntary. It was also emphasised that participants would not suffer any 
negative consequences if they refused to take part in the research study. Participants’ full 
completion and return of the questionnaire was explicitly stated to the participant as serving 
as consent to partake in the study. The anonymity of the participants was also ensured as 
the participants were allocated numbers during sample selection which were used 
throughout the research study (Abrar and Jambi, 2019). 
The direct and indirect benefits of the study to the research participants were clearly stated 
in the introductory questionnaire letter by detailing the title and objective of the research 
study (Abrar and Jambi, 2019). The findings of the study were aimed at providing valuable 
input to strategies aimed at increasing the efficiency and effectiveness of maintenance 




The data collected from this research was only used for the current research study and not 
made available to third parties as per the agreement with the organisation and participants. 
The research study also reviewed literature, and all the literature that was reviewed and 
used in the research study was properly cited to acknowledge the researchers and authors 
of the literature (Haque et al., 2017). 
 
 Chapter Summary 
This chapter specified the evaluation of the research design and methodology employed in 
this study. The research method adopted from this paper was derived from literature. The 
research adopted a descriptive research method to respond to the research questions and 
add to existing knowledge. 
Additionally, the differences between quantitative, qualitative and mixed methods of 
research were highlighted. The nature of the population supported the total population as a 
sample size. The statistical data and the survey were chosen to supplement each to answer 
the research question. The face validation was the tool adopted to verify the reliability and 
validity of the data gathered for this study. 
The next chapter of this study will utilise statistical techniques to review the data, obtain the 












 RESEARCH RESULTS 
 Introduction 
The preceding chapter provided the research methodology adopted to answer the research 
questions. The purpose of this chapter is to present the research findings. The questionnaire 
was distributed to 60 potential respondents and the study collected 44 useful responses 
(73% response rate). Section 4.1.1 to section 4.1.3 present the survey result and section 
4.2 presents the result from secondary data. Section 4.3 provided the similarities and 
differences and lastly section 4.4 provided the conclusion of the study. 
4.1.1 Section A: Demographic information 
This section presents the demographic information (knowledge of Lean Manufacturing and 
functional area within the study company). The purpose of the background information is to 
gather information on characteristics of the respondents. 
4.1.2 What is your knowledge of Lean Manufacturing?  
As illustrated by figure 8, the majority (59%) of the respondents had average knowledge of 
Lean Manufacturing. The number of people who regarded themselves as Lean 
Manufacturing experts made up of 18% of the total respondents. A small group of 7% had 
no experience in Lean Manufacturing 
 














4.1.3 Which of the following best describe your department? 
Figure 9 shows that most of the respondents (30%) were from the supply chain department, 
others which comprise of (Finance, the Enterprise Resource Planning and Quality 
department) made up of 27% of the respondents. The Production department formed 16%, 
of the respondents and 27% of the respondents were from Process manufacturing engineer 
department  
 
Figure 9: Job function 
4.1.4 Section B: Wastes Generated 
This section presents the results of the wastes generated in the case organization. The 
respondents were requested to select their choice of answers from strongly disagree (1), 
disagree (2) not sure (3), agree (4) and strongly agree (5) with the items in table 7. The 
strongly disagree and disagree were further combined because they mean the same thing 
which is similar to agree and strongly agree. 
Table 7: waste responses (N = 44) and weighted mean  






Agree Total Weighted 
Mean 
There is a schedule of production targets 
(Over-production) 
10% 5% 85% 100% 4.05 
The expectation of the customers is well 
defined (over processing) 
19% 9% 72% 100% 3.70 
The product specifications are well defined 
(Defects) 
19% 12% 69% 100% 3.64 
I have tools near my work area (Motion) 29% 2% 69% 100% 3.48 
The shortest distances are maintained to 
transport parts within the different 
manufacturing cells (Transportation) 






















Agree Total Weighted 
Mean 
Lot sizes are continuously monitored 
(Inventory) 
25% 33% 42% 100% 
 
 3.19 
Manufacturing cycle times are kept to a 
minimum. (Waiting) 
53% 21% 26% 100%  2.79 
Peoples ideas are valued (Unused human 
talent) 
53% 21% 26% 100%  2.71 
 
Table 7 above depicts that most of the respondents (85%) agreed that there is a schedule 
with production targets (Over-production) this item has the highest weighted mean of 4.05. 
The result shows that the majority (72%) of the respondents believed that the company had 
well defined customer expectations (over-processing) which was also demonstrated by the 
high weighted mean of 3. 70. When the respondents were asked to rate their manufacturing 
process; the majority (69%) said that the product specifications are well defined (defect) and 
only 19% of the respondents felt that the process were not well defined the weighted mean 
was 3.64. The majority of the respondents (69%) agree that there where tools near the work 
areas (motion), this waste had a weighted mean of 3.48.  
The results show that the respondents (49%) believe that the shortest distances are 
maintained to transport parts within the different manufacturing cells (transportation), this 
waste has a weighted mean of 3.4. and only (25%) of the respondents believed that the 
shortest distances are not maintained to transport parts within the different manufacturing 
cells. When the respondents were asked if the lot sizes are monitored (inventory) majority 
of the respondents (53%) agreed that they are monitored and only 25% of the respondents 
disagreed that they are not monitored, this item had a weighted mean of 3.19. Majority of 
the respondents (53%) disagreed that the cycle times are kept at a minimum(waiting) and 
only 26% of the respondents agreed that they are kept at a minimum. This is demonstrated 
by the low weighted mean of 2.79. Most of the respondent (53%) believed that their ideas 
are not valued (unused human talent) and a minority of the respondents (26%) believed that 
their ideas are valued. This can be demonstrated by the lowest weighted mean of 2.71. 
4.1.5 Section C: Lean Manufacturing strategies 
This section presents the results of the Lean Manufacturing strategies deployed by the case 
study organisation. The respondents were asked how often they use the Lean tools in figure 
9 and they were requested to select their choice of answers from Never (N), rarely (R) 





Figure 9: Lean tools responses 
Figure 9 depicts that the majority of the respondents (45%) believed that 5S was often used 
in the organisations while only (5%) of the respondents believed it was never used, this was 
shown by a high weighted mean value of 3.98. The majority of the people (46%) believe that 
standard work is often used in the organisation while (7%) of the respondents believed it 
was never used in the organisation and the weighted mean is 3.49. The respondents (34%) 
believed that the Kanban tool is often used in the organisation, this tool had a weighted 
mean of 3.45. The respondents (41%) indicated that kaizen was one of the often-used Lean 
tools in the organisation with the weighted mean of 3.16.  
Most of the respondents (40%) indicated that Just in Time was used in the organisation 
while 14% of the respondents believed it was never used in the organisation and the 
weighted mean is 3.11. The strategies that the organisation need to consider improving are 
Total productive maintenance, where 29% of the respondents believed that the tool was 
never used in the organisation, with a mean average of 2.77. Another strategy that needs 
attention is Value stream analysis where 30% of the respondents believe that the tool is 
never used in the organisation with the weighted mean of 2.72 and lastly majority of the 
respondents.(42.86%) believed that the organisation never used the Single minute 






















































 Secondary Data Analysis 
This section of the research study presented the findings from secondary data from the 
analysis of documents from the case study organisations. These findings are discussed to 
address research question two: what are the wastes that are generated by the case study 
organisation  
4.2.1 Trend Analysis 
The graph below depicts the trends each waste has been following per quarter for 24 months 
The trend analysis was calculated using number of operators that were on an indirect (non-
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Figure 10: Graph depicting waste trends 
Figure 11 depicts the wastes generated over 24 months. The data shows that the biggest 
contributor to waste in 2018 was due to production stopped because of material shortages. 
In the first quarter of 2018. There was a loss of 5720, in the second quarter hours lost 
were 7230 hours. in the third quarter they grew to 8280 hours and in the fourth quarter the 
material shortages spiked to 14000 hours lost. In 2019 material shortages were higher 
than most waste but the slop was significantly going down. In the first quarter of 2019 the 
waste reduced to 7690 hours, the second quarter was at 5430 hours the thirst quarter 
reduced to 4470 and by the last quarter, the waste was further reduced to 4100 hours lost.  
The second highest waste is waiting due to supplier (this waste includes waiting for the 
warehouse, waiting for engineering, waiting for instructions from the manager, etc) the first 
quarter of 2018 the waste was 70 hours loss of production, the second quarter of 2018 
was 30 hours lost in the thirst quarter it was 340 hours and in the last quarter, it increased 
to 580 lost hours. The first quarter spiked up to 11560 hours lost, the second quarter 
reduced to 9570 hours, the third quarter 10380 hours, and the last quarter it reduced to 
7460 hours lost in production. 
The data indicates that the thirst highest waste generated in the organisation is production 
stop due to resource unavailability this includes (tools, documentation, drawings 
integrations stands etc.). the first quarter of 2018 resource unavailability was at 930 lost 
hours, the second quarter 340 hours the third quarter reduced to 130 hours, and lastly the 
fourth quarter of 2018 was increased to 580 lost hours in production. In the first quarter of 
2019, there waste of resources availability spiked higher to 7690 lost hours, and a decline 
is seen in the second and third quarters at 5430 and 4470 respectively and at the end of 
the fourth quarter, the waste trend declined to 4100 hours lost in production. 
The fourth and least generated waste in the organisation is production stops due to 
machine breakdowns. the first quarter of 2018 machine breakdowns where at 40 lost hours 
the second quarter of 2018 the breakdowns lost hours were at 10 hours, the third quarter 
there was no lost time and fourth quarter increased to 100 hours lost. In the first quarter 
of 2019 the lost hours for machine failure increased to 950 hours lost, second quarter the 
lost time was at 560 hours, in the third quarter the lost hours were increased to 1000 hours 




4.2.2 Lost time summary 
The table below is a summary of the total lost hours what percentage each waste makes 
up and the cumulative value for the percentages. 
Table 10: Lost time due to waste summary 
Type of Waste Total hours Percentage relative ∑ Cumulative 
relative 
Waiting due to supplier 39132.4 30.45 30.45 
Production stop- part unavailability 60485.4 47.10 77.51 
Production stop - Machine Breakdown 4437.1 3.50 81.00 
Production stop - Resource unavailability 24473.2 19.04 100 
Total 128528.1 100 
 
 
 Similarities and differences 
This section will display the similarities and differences between the primary data, 
secondary data and the literature review 
The table 11 below is a summary of the wastes depicting triangulation between the primary 
data, secondary data and document analysis. In the table below (X) is an indication that 
the type of waste is found in the data source and a blank means it is not applicable. 







There is a schedule of production targets (Over-
production) 
X   
The expectation of the customers is well defined (over 
processing) 
X   
The processes in manufacturing are defined (Defects) X   
I have tools near my work area (Motion) X  X 
The shortest distances are maintained to transport parts 
within the different manufacturing cells (Transportation) 
X   
Lot sizes are continuously monitored (Inventory) X   
Manufacturing cycle times are kept to a minimum. 
(Waiting) 
X X X 
Peoples ideas are valued (Unused human talent) X X  
 
The table 12 below is a summary of the wastes depicting triangulation between the primary 




the Lean tool was found in the data source, and a blank space means that it is not 
applicable. 
Table 12: Triangulation  
 
LEAN MANUFACTURING TOOLS 
 
 Literature Review  Questionnaire 
5S X X 
Kaizen X X 
Just in Time X X 
Value Stream Analysis X  
Single minute exchange die X  
Total Productive Maintenance X  
Standard Work X X 
Kanban X X 
 
The secondary data indicated that the highest waste that was generated in the case study 
organisation is parts unavailability which accounted for 47% of the waste generated for 24 
months, resource unavailability was the third-highest waste generated in the organisation. 
These wastes can result in people waiting. This is similar to the literature review according 
to Saleeshya (2017) a manufacturing plant in India had challenges of material shortages 
due to delays in the processes. This is in line with the views of majority (32%) of the 
respondents to the questionnaires that disagreed that Manufacturing cycle times are kept 
to a minimum (Waiting).  
According to the operational data waiting due to supplier’s accounts for 30% of the wastes 
generated in the organisation. This is similar to 32% of the questionnaire respondents that 
indicated waiting as one of the wastes generated in manufacturing. This is also in line with 
the literature review when Jaffar, Kasolang and Ghaffar (2015) states that waiting includes 
delays coming from people, processes and Work-in-Progress (WIP) inventory sitting 
inactive while waiting for instructions. 
According to the questionnaire responses the biggest contributor to waste in the 
organisation was unused human talent this could not be linked to any waste in the 
secondary data. In the literature review Vilventhan, Ram, and Sugumaran (2019) support 
the responses of the questionnaire by stating that the inability to utilise people’s talents 
and skills, wasting information people possess and failing to implement excellent ideas is 




Operational data shows that production stops due to machine failure only contributed to 
3% of the waste generated in the case study organisation. Which is in line with 51% of 
responses that state that over-processing is not a big waste in the organisation and 47% 
of the respondents indicated that defects in the organisation were not a substantial 
problem. Machine failures can result in products being over processed and can lead to 
defect (Simboli, Taddeo and Morgante, 2014). 
Majority of the respondents to the questionnaire indicated that 5S, Standard work, Kanban, 
Kaizen were Lean Manufacturing tools used in the organisation. This is in line with 
Wagner, Herrmann and Thiede (2017) that states that the Lean Manufacturing tools that 
are commonly practised for improvements are 5S, Cross-functional teams, Just in Time, 
Optimising maintenance/preventative maintenance, Quality management systems, Pull 
and Kanban and Total Quality Management just to name a few.  
 
 Conclusions 
This chapter displayed the results of the questionnaire responses and the organisational 
operational data (lost time on waste generated). The primary data assisted in responding 
to research question one and two. The research questionnaires were distributed to 66 
people and 44 useful responses were received back to form part of the data analysis as 
they met the criteria set in chapter 3. 
From the questionnaires the respondents identified two wastes as problematic in the 
organisation. The first waste identified by 33% (with a weighted mean of 2.79) of the 
respondents indicated that the manufacturing cycle are not kept at a minimum and the 
second waste is people’s ideas are not valued with a weighted mean of 2.71.The 
questionnaire responses also indicated that the organisation applies the following Lean 
Manufacturing tools namely 5S, Standard work, Kanban, Just in Time and Kaizen.  
The strategies that the organisation need to consider improving are Total productive 
maintenance, where 29% of the respondents believed that the tool was never used in the 
organisation, with a mean average of 2.77. Another strategy that needs attention is Value 
stream analysis where 27% of the respondents believe that the tool is sometimes used in 




(42.86%) responded that the organisation never used the tool in the organisation with a 
weighted average of 2.12. 
The second part of the research was a trend analysis, that identified the following wastes 
were predominant in the organisation, Production stop -part unavailability, Production 
stop machine Breakdown, Waiting due to supplier and lastly, Production stop -resource 
unavailability. These were in line with the waste identified by the questionnaire 
responses, that indicated that the majority of the respondents in the questionnaire 
agreed that the manufacturing cycle times where not kept at a minimal level., which is 
the waste of waiting. 
The last section was the similarities and differences section, by using triangulation the 
literature review was linked to the questionnaire findings and lastly to the trend analysis 
The research studies recommendations and conclusions will be presented in the 









  DISCUSSION, CONCLUSION AND RECOMMENDATIONS  
 Introduction  
The main purpose of this section is the interpretation of the research findings. The chapter 
also provides answers to the research questions stipulated in chapter one. The research 
theoretical background is stipulated in chapter two where Lean manufacturing strategies 
and the eight types of waste are presented. Chapter three provided a detailed framework 
of the research methodology used to collect and analyse data. This chapter presents the 
research findings and discusses those findings. 
  Discussion of the research study findings 
The study sought to answer two research questions:  
a) What are the types of waste generated by the case study organisation?  
b) What are the Lean manufacturing strategies which are applied in the case study 
organisation? 
5.2.1 Research question 1: What are the types of waste generated by the case 
study organisation? 
There were two data sources that were used to answer this research question. The primary 
data, which was in the form of a questionnaire, the secondary data which was in the form 
of operational data from the organisation’s lost time due to non-value-added activities and, 
lastly, the literature review. According to the literature review Rewers, Trojanowska and 
Chabowski (2016) mention eight types of waste, namely over-production, waiting, 
transportation, over-processing, inventory, motion, defect and unused human talents. The 
primary data identified unused human talent and waiting as the main wastes generated in 
the organisation. The secondary data identified waiting due to suppliers, production 
stopped due to machine failure, production stopped due to parts unavailable and 
production stopped due to resource unavailability. All these wastes can be interpreted as 
the waste of waiting. For the waste of production stopped due to machine breakdown, 




being over processed which can lead to defects. Therefore, machine failure can be 
interpreted as the waste of over-processing and defects. 
This means that the wastes generated in the case study organisation can therefore be 
unused human talent, waiting, defects and over -processing. 
 
5.2.2 Research question 2: What are the Lean manufacturing strategies used in the 
case study organisation? 
According to the literature review, Wagner, Herrmann and Thiede (2017) state that the 
Lean manufacturing tools that are commonly practised for improvements are Cellular 
manufacturing, 5S, Cross-functional teams, JIT, TPM, Pull and Kanban, Standard work, 
Value Stream Analysis, Kaizen, and TQM, to name a few.  
The primary data revealed that 5S was the most used Lean strategy. This can be 
supported by Singh (2014) who states that 5S is an effective continuous improvement tool, 
which is at the basis of any effective Lean organisation. The tool is the first step towards 
reducing waste. So, for any organisation to implement Lean manufacturing successfully 
they need to start with 5S. 
The primary data findings indicated that standard work was one of the Lean manufacturing 
strategies that was often used in the case study organisation. According to Ballard (2014) 
standard work is one of the foundations of Lean implementation. The standard work tool 
decreases the chances of breakdowns, in that way improving the flow of work, establishing 
a foundation of studying the types of breakdowns that occur on the line and the chance to 
experiment with a substitute work method design 
In the primary data it was also found that the case study organisation uses Kanban as one 
of their Lean manufacturing strategies. In the literature review Wakode, Raut and Talmale 
(2015) state that the Kanban method is an essential philosophy which has a significant 
role in many production units. The Kanban method is utilised in various production 




This method is essential for synchronising the production line with other functions in the 
organisation. 
Another strategy that the case study organisation identified as a Lean manufacturing 
strategy they used was Kaizen. These findings are in line with the findings of Corbet (2012) 
from the literature review who revealed that in China, the public sector is obtaining positive 
results through frequent Kaizen events (group problem-solving sessions) that assist 
Chinese operators to participate in discussions more directly.  
The last Lean manufacturing strategy used in the case study is JIT. JIT processes have 
proven to have a significant impact on the manufacturing process. Chen and Tan (2013) 
found that the implementation of the JIT systems reduces the wait times for parts between 
manufacturing cells, which reduces waste in the form of time. This reduction allows for 
time to be allocated to other areas that require a deeper level of attention and 
concentration. 
The primary data identified three Lean tools that were not used in the organisation TPM, 
Value Stream Analysis and SMED. There are various barriers in implementing the above-
mentioned tools. For TPM, Poduval, Pramod and Jagathy, (2013) state that the reason 
why most Lean manufacturing deployment programmes fail is due to the lack of support 
to enable learning and convert education in an effective way. The implementation of Lean 
manufacturing might seem simple on paper; however, it is difficult to achieve in many 
organisations, mainly due to the organisation’s averseness to understand and implement 
the Lean manufacturing method and the failure to realise the benefits linked to the 
implementation of the tool.  
It can therefore be said that the Lean manufacturing strategies applied in the case study 
organisation are as follows: 5S, Standard work, Kaizen and Kanban. These tools can 
therefore, be used by organisations that want to implement Lean manufacturing in an 
organisation as they have proved to reduce waste, increase productivity and increase the 




 Areas of improvement 
According to Rewers, Trojanowska and Chabowski, (2016) Table 2 suggests Lean 
manufacturing strategies that can assist in waste elimination. The waste of waiting, 
defects, unused human talent and over-processing can be eliminated by applying the 
following Lean manufacturing tools. According to Rewers, Trojanowska and Chabowski, 
(2016) figure 8 highlights that to eliminate the waste of defects ,the Lean tool of Poke Yoke 
can be applied. In order to eliminate the waste of over-processing the tool of Kanban and 
Value Stream Analysis can be used. To reduce waiting the Lean manufacturing strategies 
of TPM, SMED and Standard work can be implemented. The organisation should put more 
effort into initiating projects that encourage employees on all levels to participate in 
problem-solving exercises (Kaizen events). Benjamin, Marathamuthu and Murugaiah 
(2015) suggest that embracing Lean tools has abundant benefits of reduced cycle times, 
inventory, defects, waste and costs while maximising on the speed of production, quality 
and customer and worker development. 
 
 Recommendations 
If the company continues to neglect the identified wastes, they will produce products that 
are expensive and begin to lose money. In order to reduce the waste, the company can 
incorporate the identified wastes in an open issue list and do a follow up on the progress 
of the waste elimination. The case study organisation needs to set Key Performance 
Indicators (KPIs) to monitor the waste.  
The employees feeling that their ideas are not valued could lead to the employees being 
demotivated and they could begin holding back on ideas and eventually leaving the 
organisation. The case study company needs to incorporate all the employees in problem-
solving sessions such as Kaizens. 
In terms of resolving the waste of waiting, the case study organisation needs to consider 
putting key suppliers onsite. They should consider signing long-term contracts with the 
suppliers to build stronger relationships. The organisation can consider conducting skills 




 Study limitations and future research 
 The research study used the case study research principle which provided an in-
depth understanding of the waste generated by the case study organisation and 
the strategies employed to reduce the waste. 
 A future research study should expand and include a wider population to validate 
the findings of the current research study in order to be able to generalise the 
findings. 
 The study only focused on the manufacturing company; future research studies 
should include the service sector.  
 The study did not make use of previous study benchmarks , future research should 
use a benchmark from other casestudy organisations. 
 Conclusions 
This research study was conducted to identify the waste generated and the Lean 
manufacturing strategies employed by the case study organisation. The research strategy 
adopted primary data in the form of questionnaires and secondary data in the form of 
operational data were adopted to gain an in-depth view of the waste generated by the 
case study organisation and the Lean manufacturing strategies used in order to improve 
the organisational productivity The study identified the unused human talent, waiting, 
defects and over-processing as wastes generated in the case study company. The study 
also identified the following Lean strategies in the case study organisation: 5S, standard 
work, Kaizen, JIT and Kanban. 
Optimising on waste elimination and Lean manufacturing tools will increase the efficiency 
and effectiveness of the case study organisation which can possibly increase their 
profitability. Managers can, therefore, use the research findings to improve the adaptation 
of Lean manufacturing and the development of future Lean strategies. 
The main limitation of this research study relied on the case study research method hence 




Chapter one of the research study was an introduction to the study, an outline of the 
purpose of the study and the objectives, the research questions where explained.  
Chapter two reviewed the literature that was the foundation of the study. The literature 
reviewed in chapter two justified the set of research questions  
Chapter three of the research study provided an outline of the research methodology that 
was used to collect and analyse the data that was needed in order to respond to the 
research questions of the current study. The case study organisation was selected to be 
the focus of the research study. Methods of data collection were also identified, with 
questionnaires used to collect primary data and document analysis used to collect 
secondary data. This chapter further explored the data analysis, data collection methods, 
validity and reliability.  
Chapter four of the research study displayed the research study findings together with the 
explanation of the finding from the data which was collected through questionnaires and 
documents analysis. 
Chapter five outlined a detailed discussion of the research findings, limitations and 
recommendations for future studies to increase existing knowledge and address the 
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APPENDIX B: RESEARCH QUESTIONNAIRE  




o Please complete all the questions below by marking your response with an “X” 
next to the selected response. 
o The questionnaire follows the Likert scale model. Please ensure that your 
selection is clearly marked with a blue or black pen when completing the 
questionnaire on Monkey survey. Please give a single response to a question 
unless otherwise specified for that question. 
o The questionnaire is divided into 3 sections (Section A-C), please ensure that you 
complete all the sections. 
 
1. Section A: Background Information 
 
1.1. Which function do you currently work in? 
1.1.1. Production manager  
1.1.2. Supervisor  
1.1.3.  Supply chain   
1.1.4. Process Manufacturing 
Engineers 
 
1.1.5. Other  
 
1.2. How long have you been with the organisation? 
1.2.1. Less than 1 year  
1.2.2. Less than 5 years  
1.2.3. Less than 10 years  
1.2.4. More than 10 years  
 
1.3. How long have you been in your current job position? 
1.3.1. Less than 1 year  
1.3.2. Less than 5 years  
1.3.3. Less than 10 years  
1.3.4. More than 10 years  
 
1.4. : What is your knowledge of Lean manufacturing?  
1.4.1. None  
1.4.2. Limited Knowledge  
1.4.3. Average Knowledge  
1.4.4. Expert  
 
 





In your opinion which of the following is applicable to your work environment. Please select 





























































2.1 I have tools near my work area (Motion) 
 
     
2.2 There is a schedule of production targets (Over 
production) 
 
    
2.3 Lot sizes are continuously monitored (Inventory) 
 
     
2.4 The shortest distances are maintained to transport 
parts within the different manufacturing cells 
(Transportation) 
 
     
2.5 Manufacturing cycle times are kept to a 
minimum. (Waiting) 
 
     
2.6 The expectation of the customers is well defined 
(Over processing) 
 
     
2.7 The processes in manufacturing are defined 
(Defects) 
     






3. Section C: Lean manufacturing Strategies 
How often do you use the following Lean tools in your organisation? Please select your 












































3.1 5S      
3.2 Kaizen      
3.3 Just in Time      
3.4 
 
Value Stream Analysis      
3.5 Single minute exchange die      
3.6 Total Productive Maintenance      
3.7 Just in Time      
3.8 Standard Work      
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